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PABT  I. 
QUALITATIVE  CHEMICAL  AI^ALYSIS. 
PEELIMINAET. 


PAET  I. 


INTEODUCTOEY. 


PRELIMINARY  REMARKS. 

Definition,  General  Principles,  Objects,  Utility,  and  Importance 
of  Qualitative  Chemical  Analysis — Conditions  and  Require- 
ments for  a  successful  Study  of  that  Science. 

Chemistry,  as  is  well  known,  is  the  science  which  treats  of  the 
various  materials  of  which  the  earth  is  formed,  their  composition  and 
decomposition,  and  especially  their  mutual  relations  to  one  another. 
A  special  branch  of  this  science  is  designated  Analytical  Chemistry, 
inasmuch  as  it  has  a  distinct  and  definite  object,  that  is  the  analysis  of 
compounds,  and   the   determination  of   their  component  elements. 
Analytical  chemistry,  again,  is  subdivided  into  two  branches,  namely, 
Qualitative  analysis,  which  treats  of  the  nature  and  properties  of  the 
component  parts  of  various  substances  ;  and  Quantitative  analysis,  by 
which  the  amount  of  every  individual  constituent  present  is  determined. 
The  object  of  quahtative  analysis,  therefore,  is  to  present  the  con- 
stituents of  a  substance  of  unknown  composition  in  forms  of  known 
composition,  from  which  definite  conclusions  may  be  drawn  as  to  the 
constitution  of  the  substance  examined,  and  the  presence  of  the  several 
elements  of  which  it  is  composed.    The  value  of  the  method  depends  on 
two  conditions,  in  the  first  place,  it  must  attain  the  object  in  view  with 
certainty,  and  secondly  in  the  most  expeditious  manner  possible.  Quan- 
titative analysis,  on  the  other  hand,  exhibits  the  elements  revealed  by 
the  qualitative  investigation  in  forms  which  will  permit  of  the  accurate 
determination  of  their  weight,  or  in  some  other  way  to  ascertain  the 
amount  of  them  present. 

Of  course,  the  way  in  which  these  different  ends  are  attained  varies 
greatly.  The  study  of  quahtative  analysis  must,  therefore  be  pursued 
separately  from  that  of  quantitative  analysis,  and  must  naturally 
precede  it. 

Having  thus  generally  defined  the  meaning  and  scope  of  quahtative 
analysis,  we  have  to  consider,  in  the  first  place,  the  preliminary  infor- 
mation necessary  to  qualify  a  student  for  its  successful  cultivation,  the 
rank  which  it  holds  in  the  domain  of  chemistry,  and  its  utility  and 
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importance :  and,  in  the  second  place,  the  substances  that  fall  within 
the  sphere  of  its  operations,  and  the  principal  parts  into  which  its  study 

is  divided.  .    .     .       ,.  ...    -u  n 

For  the  successful  pursuit  of  qualitative  investigations,  it  is  above  all 
things  indispensable  that  the  student  should  have  some  knowledge  of  the 
chemical  elements,  and  of  their  most  important  combinations,  as  well 
as  of  the  general  principles  of  chemistry ;  also  that  he  should  have  some 
practice  in  the  mechanism  of  chemical  reactions.    It  demands  more- 
over strict  order,  the  greatest  cleanliness,  and  a  certain  skill  in  manipu- 
lation    If  in  addition  to  these  qualifications  the  student  has  the  habit 
of  inv'ariably  ascribing  his  failures  to  some  defect  in  his  operations,  or 
rather  to  the  absence  of  some  condition  or  other  indispensable  to  the 
success  of  the  experiment-and  a  firm  belief  in  the  immutability  of 
natural  laws  cannot  fail  to  create  this  habit— he  wiU  have  all  the 
qualities  necessary  to  render  his  study  of  analytical  chemistry  successful 
Now,  although  chemical  analysis  is  based  on  general  chemistry,  and 
cannot  be  cultivated  without  some  previous  knowledge  of  the  latt^jr,  yet, 
on  the  other  hand,  we  must  regard  it  as  one  of  the  f  oundation_  stones 
unon  which  the  entire  structure  of  the  science  rests,  since  it  is  ot 
almost  equal  importance  for  all  branches  of  chemi^stry  whether  theo- 
retical or  practical.    It  is  unnecessary  to  expatiate  here  on  the  advan- 
tages which  the  technical  chemist,  the  physician,  the  pharmaceutist  the 
mhieralogist,  the .  metallurgist,  the  skilful  farmer,  and  many  others 

This^'c^sideration  would  surely  in  itself  be  sufficient  to  recommend 
a  thorough  and  diligent  study  of  analysis,  even  if  its  cultivation  lacked 
those  attractions  which  it  unquestionably  possesses  for  every  one  who 
devotes  himself  zealously  and  ardently  to  it.    The  human  mmd  is  con- 
stantly striving  after  truth ;  it  delights  in  solving  problems ;  and  where 
do  we  meet  with  a  greater  variety  of  them,  some  easier,  some  more 
difficult  to  solve,  than  in  the  province  of  chemistry]    But  as  a  pro- 
blem to  which,  after  long  pondering,  we  fail  to  discover  the  key,  wearies 
and  discourages  the  mind ;  so,  in  like  manner,  do  chemical  investiga- 
?Sns  if  the  obiect  in  view  is  not  attained-if  the  results  do  not  bear 
thTstamp  of  truth,  of  uuerring  certainty.    A  half-knowledge  m  every 
department  of  science,  but  more  especially  m  this  must  be  considered 
worse  than  no  knowledge  at  all;  so  that  amere  superficial a^qn^mt^uce 
with  chemical  analysis  must  be  particularly  guarded  against 

A  qualitative  investigation  may  be  made  with  a  twofold  object, 
either  to  prove  that  a  certain  compound  is  or  is  not  contamed  m  a  sub- 
stance for  example,  lime  in  spring-water;  or  to  ascertain  all  the  con- 
tSt  present  in  a  chemical  compound  or  mixture.    Any  substance 
may  of  course  become  the  object  of  a  chemical  analysis.  _ 

All  dements,  however,  are  not  equally  important  m  practical 
chemistry  a  cer  ain  number  only  of  them  being  found  more  widely 
dlsemtl  ed  in  nature,  and  more  generally  employed  in  metaUurgy,  in 
nharmacy,  in  the  arts  and  manufactures,  and  m  agriculture,  whilst  the 
StherTaJe  met  with  only  as  constituents  of  rarely  occurring  minerals^ 
?he  elements  of  the  former  class,  therefore,  and  the  more  impoi-tant  of 
SSr  compoL  will  alone  be  considered  fully  m  the  present  work, 
whist  those  of  the  latter  class  will  be  discussed  more  briefly  and  in 
Tuch  a  manner  as  to  enable  the  learner  to  separate,^  without  difficulty 
the  stu^y  of  the  former  from  that  of  the  latter.    This  arrangement  will 
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render  the  study  of  tlie  science  easier  for  beginners,  and  lighten  the 
labours  of  practical  chemists. 

The  study  of  qualitative  analysis  is  most  properly  divided  into  four 
principal  parts — viz., 

1.  Chemical  Operations. 

2.  Reagents  and  their  uses. 

3.  Reactions,  or   behaviour  of  the  various  substances 

Avith  reagents. 

4.  Systematic  course  of  qualitative  analysis. 

It  will  now  be  readUy  understood  that  the  pursuit  of  chemical 
analysis  requires  practical  skill  and  ability  as  well  as  theoretical  know- 
ledge ;  so  that  a  merely  theoretical  study  of  it  can  be  as  little  expected 
to  lead  to  success  as  purely  empirical  experiments.  To  attain  the 
desired  end,  theory  and  practice  must  be  combined. 


SECTION  I. 

OPERATIONS. 
§  1. 

The  operations  of  analytical  chemistry  are  essentially  the  same  as 
those  of  synthetical  chemistry,  although  modified  to  a  certain  extent  in 
order  to  adapt  them  to  the  different  object  in  view,  and  to  the  small 
quantities  operated  on  in  analytical  investigations. 

The  following  are  the  principal  operations  in  qualitative  analysis. 

§  2. 

1.  Solution. 

The  term  solution,  in  its  broadest  sense,  denotes  the  perfect  union 
of  a  substance  whether  gaseous,  liquid,  or  solid,  with  a  fluid  yielding  a 
homogeneous  liquid.  If  the  substance  dissolved  is  gaseous,  the  term 
absorption  is  generally  employed  ;  whilst  if  it  is  liquid  it  is  called  a 
mixture.  The  appHcation  of  the  term  solution,  in  its  usual  and  more 
restricted  sense,  is  confined  to  the  perfect  union  of  a  solid  with  a  liquid. 

ihe  more  minutely  the  substance  to  be  dissolved  is  divided,  the  more 
reacliiy  IS  solution  effected.  The  liquid  by  means  of  which  the  solution 
IS  ettected,  IS  called  the  solvent,  and  if  the  solvent  enters  into  chemical 
combination  with  the  substance  dissolved  we  call  the  solution  chemical  ■ 
It  no  detinite  combination  takes  place,  it  is  said  to  be  siviple. 

m  a  simple  solution,  the  dissolved  substance  exists  in  the  free 
iflfnrT  ""f^T  properties,  except  those  dependent  on 

Its  form  and  cohesion ;  when  the  solvent  is  withdrawn  it  separates  un- 
altered.   Common  salt  dissolved  in  water  is  a  familiar  instance  of  i 
-lution.    The  salt  in  this  case  imparts  its  pecuhar  taste  to  the 
SaUo         rP°^f  ^^ter,  the  salt  is  left  behind  in  its 

original  form.    A  simple  solution  is  said  to  be  saturated  if  the  solvent 

^\\nuCu  u '''r  ""^^^^^  °f       dissolved,  substance.  But 

as  liquids  generally  dissolve  larger  quantities  of  a  substance  the  higher 
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their  temperature,  the  term  saturated,  as  applied  to  simple  solutions,  is 
only  relative,  and  refers  invariably  to  a  certain  temperature.  _  It  may  be 
laid  down  as  a  general  rule  that  elevation  of  temperature  facihtates  and 
accelerates  simple  solution,  .  ^ 

A  chemical  solution  contains  the  dissolved  substance  m  a  ait- 
ferent  state  and  with  different  properties  from  what  it  had  before  ;  it  is 
no  longer  free,  but  intimately  combined  with  the  solvent  which  has  also- 
lost  its  original  properties  ;  a  new  substance  has  thus  been  produced, 
and  the  solution  therefore  has  now  the  properties  of  this  new  substance. 
Chemical  dissolution*  also  maybe  accelerated  by  elevation  of  temperature;; 
this  indeed  is  usually  the  case,  since  heat  generally  promotes  the  action 
of  substances  on  one  another,  but  the  amount  of  substance  dissolved 
always  remains  the  same  in  proportion  to  the  solvent,  whatever  may 
be  the  difference  of  temperature— the  combining  proportions  of  sub- 
stances being  invariably  and  altogether  independent  of  the  temperature. 
The  reason  of  this  is,  that  in  a  chemical  solution  the  solvent  and  the 
substance  on  which  it  acts  have  invariably  opposite  properties,  which 
they  strive  mutually  to  neutralize;  when  this  tendency  of  mutual 
neutralization  is  satisfied,  dissolution  ceases.  The  solutionis  m  this  case 
also  said  to  be  saturated  or,  rather,  neutralized,  and  the  point  which 
denotes  it  to  be  so  is  termed  the  point  of  saturation  or  neutraHzation. 

The  substances  which  produce  chemical  solutions  are,  m  most  cases, 
either  acids  or  alkahes.  With  few  exceptions,  they  must  first  be 
reduced  to  the  liquid  form  by  means  of  a  simple  solvent  When  the 
opposite  properties  of  acid  and  base  are  mutually  neutralized,  and  the 
new  compound  is  formed,  the  actual  transition  to  the  hqmd  state  wiU 
ensue  only  if  the  new  compound  has  the  property  of  forming  a  simple 
solution  with  the  liquid  present ;  for  example,  if  solution  of  acetic  acid 
in  water  is  brought  into  contact  with  oxide  of  lead,  there  ensues,_ first, 
a  chemical  combination  of  the  acid  with  the  oxide,  and  then  a  simple 
solution  of  the  newly-formed  acetate  of  lead  in  the  water  present. 

In  chemical  laboratories,  solutions  are  usually  made  by  digestmg  or 
heating  the  substance  to  be  dissolved  along  with  the  liquid  in  a  beaker, 
flask,  test-tube,  or  dish.    In  preparing  chemical  solutions,  the  best  way 
generally  is  to  mix  the  substance  to  be  dissolved  m  the  first  p  ace  with 
water  (or  with  whatever  other  indifferent  liquid  may  happen  to  be  used), 
Ind  then  gradually  to  add  the  chemical  agent.    In  this  way  a  large 
Scess  of  the  latter  is  avoided,  the  action  is  not  too  violent,  and  dissolu- 
tion takes  place  readily  and  completely.   It  sometimes  happens  m  chemi- 
S  coXatioBs  that^the  product  formed  does  not  dissolve  if  an  excess 
of  the  chemical  solvent  is  present ;  in  this  case  the  particles  of  the  new 
salt  first  formed,  being  soluble  in  the  menstruum  present,  surround  the 
pttS  stTunked  on,  thereby  weakening  or  altogether  preventing 
further  action.    Thus,  for  instance,  witherite  (carbonate  of  baryta) 
dlsolves  readi  y  if  water  is  poured  on  to  the  pulverized  mineral  and 
hyTSorL  ac^^^     added  gLdually ; .  but  on  the  -ntivary  it  d^^^^^^^^^^^ 
with  difficulty  and  imperfectly  if  it  is  projected  into  a  concent^^^^^^^ 
solution  of  hydrochloric  acid  in  water ;  since  chloride  o  barium  although 
it  dissolves  readily  in  water,  does  not  do  so  m  hydrochloric  acid. 

*  The  word  solution  is  commonly  used  to  -g-fy  ^^J^  *^«,!,trit  U^^^^^  tSe 
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Crystallization  and  Precipitation  are  usually  the  reverse  of 
solution,  as  they  have  for  their  object  the  conversion  of  a  liquid  or 
dissolved  substance  to  the  solid  state.  As  both  depend  generally  on 
the  same  cause,  namely,  the  want  of  a  solvent,  it  is  impossible  to  assign 
exactly  the  limit  to  either ;  in  many  cases,  they  merge  into  one  another. 
Here,  however,  we  must  consider  them  separately,  as  they  differ  essen- 
tially in  their  extreme  forms,  and  as  the  special  objects  which  we 
purpose  to  attain  by  their  application  are  generally  very  different. 

§  3. 

2.  Crystallization. 

We  understand  generally  by  the  term  crystallization,  any  process 
whereby  compounds  assume  fixed,  mathematically  definable,  regular 
forms.  But  as  the  forms,  which  we  call  crystals,  are  more  regular,  and 
consequently  more  perfect,  the  more  slowly  the  operation  is  carried  on, 
the  term  crystalhzation  is  always  connected  with  the  accessory  idea  of 
a  slow  separation — of  a  gradual  conversion  to  the  solid  state.  The 
formation  of  crystals  depends  on  the  regular  arrangement  of  the  ulti- 
mate particles  of  compounds,  and  can  only  take  place  when  these  particles 
possess  perfect  freedom  of  motion,  and  therefore,  as  a  rule,  only  when  a 
substance  passes  from  the  liquid  or  gaseous  to  the  solid  state.  Those 
instances  in  which  the  mere  ignition,  or  the  softening  or  moistening  of 
a  sohd  substance  is  sufficient  to  aUow  of  such  a  regular  arrangement  of 
the  ultimate  particles  (crystallization),  are  to  be  regarded  as  exceptions 
— such,  for  example,  as  when  moistened  barley-sugar  tiirns  white  and 
opaque. 

To  induce  crystallization,  the  agent  which  causes  a  substance  to 
assume  the  liquid  or  gaseous  form  must  be  removed.  These  are  either 
lieat,  as  in  the  case  of  fused  metals ;  or  solvents,  as  in  the  case  of  an 
aqueous  solution  of  common  salt ;  or  both  combined,  as  in  the  case  of  a 
hot  saturated  solution  of  nitrate  of  potassa  in  water.  In  the  first  case, 
we  obtain  crystals  by  coohng;  in  the  second  by  evaporation;  and  in  the 
third  by  either  of  these  means.  The  most  frequently  occurring  case  is 
that  of  crystallization  by  cooKng  hot  saturated  solutions.  The  liquid 
which  remains  after  the  separation  of  crystals  is  called  the  mother- 
liquor.  The  term  amorphous  is  applied  to  such  solid  substances  as 
have  no  crystalline  form, 

We_  usually  have  recourse  to  crystallization  either  to  obtain  the 
crystallized  substance  in  a  solid  form,  or  to  separate  it  from  other  sub- 
stances dissolved  in  the  same  solvent.  In  many  cases  also,  the  form  of 
.the  crystals,  their  optical  properties  or  their  behaviour  on  exposure  to 
the  air — that  is,  whether  they  remain  unaltered  or  effloresce  or  deliquesce 
— will  afford  an  excellent  means  of  distinguishing  between  compounds 
otherwise  closely  resembhng  each  other  ;  for  instance,  between  sulphate 
of  soda  and  sulphate  of  potassa.  Crystallization  is  usually  effected  in 
evaporating  dishes,  or,  for  very  small  quantities,  in  watch-glasses. 

When  the  quantity  of  liquid  to  be  operated  on  is  but  small,  the 
surest  way  of  getting  well-formed  crystals  is  to  let  the  solution  evaporate 
in  the  air,  or,  better  still,  under  a  bell-glass,  under  which  is  also  placed 
an  open  vessel  half-filled  with  concentrated  sulphuric  acid.  Minute 
crystals  are  examined  best  with  a  lens,  or  under  the  microscope. 
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§  4. 

3.  Precipitation. 

This  operation  differs  from  the  preceding  in  that  the  substance  dis- 
solved assumes  the  solid  state,  not  slowly  and  gradually,  but  suddenly, 
and  that  whether  the  precipitate  is  crystalline  or  amorphous,  whether  it 
sinks  to  the  bottom  of  the  vessel  or  ascends,  or  remains  suspended  in 
the  liquid.  Precipitation  is  either  caused  by  some  change  in  the  solvent 

 thtis  on  adding  alcohol  to  a  solution  of  sulphate  of  Ume  in  water,. 

it  separates  immediately ;  or  it  takes  place  in  consequence  of  the  separa- 
tion of  an  insoluble  substance  formed  by  simple  or  double  decomposition 

 thus  metallic  copper  is  precipitated  if  zinc  is  immersed  in  a  solution  of 

chloride  of  copper ;  and  when  oxalic  acid  is  added  to  a  solution  of  acetate 
of  lime,  oxalate  of  Hme  is  precipitated ;  and  chromate  of  lead  is  thrown 
down  if  chromate  of  potassa  in  solution  is  mixed  with  solution  of  nitrate 
of  lead.  In  decompositions  of  this  kind,  induced  by  simple  or  double 
affinity,  one  of  the  new  compounds  generally  remains  in  solution,  like 
the  chloride  of  zinc,  the  acetic  acid,  and  the  nitrate  of  potassa  in  the 
instances  just  mentioned.  It  may,  however,  happen  also  that  both  the 
products  are  precipitated,  and  nothing  remains  in  solution;  as,  for 
instance,  when  a  solution  of  sulphate  of  magnesia  is  mixed  with  baryta 
water,  or  when  a  solution  of  sulphate  of  sUver  is  precipitated  with 
chloride  of  barium.  .  . 

The  object  of  precipitation  is  either,  as  with  crystallization,  to  obtain 
a  substance  in  the  solid  form,  or  to  separate  it  from  other  substances 
dissolved  in  the  same  menstruum.    But  in  qualitative  analysis,  we  have 
recourse  to  this  operation  more  particularly  for  the  purpose  of  detecting 
and  distinguishing  substances  by  the  colour,  and  especially  by  the  pro- 
perties and  general  behaviour  which  they  exhibit  when  precipitated 
either  in  an  isolated  state,  or  in  combination  with  other  substances.  The 
solid  separated  by  this  process  is  called  the  precipitate,  and  the  sub- 
stance which  acts  as  the  immediate  cause  of  the  separation  is  termed  the- 
precipitant.    Various  terms  are  applied  to  distinguish  precipitates  of 
diff"erent  nature ;  thus  we  speak  of  crystalline,  pulverulent,  flocculent^ 
curdy  gelatinous  precipitates,  &c.    Precipitates  which  appear  pulveru- 
lent to  the  naked  eye,  will  often  be  seen  to  consist  entirely  of  regular 
crystals  when  examined  under  the  microscope  ;  precipitates  of  this  kind 
may  frequently  be  distinguished  from  each  other  in  this  way. 

The  terms  turbid  and  turbidity,  or  cloudy  and  cloudiness,  are 
made  use  of  to  designate  the  state  of  a  Hquid  which  contains  a  precipitate 
so  finely  divided  and  so  small  in  amount,  that  the  suspended  particles, 
although  impairing  the  transparency  of  the  fluid,  yet  cannot  be  clearly 
distinguished.  The  separation  of  flocculent  precipitates  may  genera  ly 
be  promoted  by  vigorous  agitation;  that  of  crystalline  precipitates  by 
stirring  the  solution,  and  rubbing  the  inside  of  the  vessel  with  a  glass 
rod-  lastly,  the  separation  of  most  precipitates  is  promoted  by  warming 
the 'solution.  According  to  circumstances,  precipitation  is  conducted 
either  in  test-tubes,  flasks,  beakers,  or  dishes. 

The  two  operations  described  in  §§  5  and  6,  namely,  Piltration  and 
Decantation,  serve  to  effect  the  mechanical  separation  of  liquids  trom 
suspended  matter. 


§5.] 
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§5. 

4.  Filtration. 

This  operation  consists  in  passing  the  liquid  from  which  we  wish  to 
remove  the  solid  particles  mechanically  suspended  therein  through  a 
filtering  apparatus,  usually  formed  of  a  circular  piece  of  unsized  paper, 
called  a  filtei',  properly  folded  and  placed  in  a  funnel.  An  apparatus  of 
this  description  allows  the  liquid  to  trickle  through  with  ease,  but  com- 
pletely retains  the  solid  particles.  Both  smooth  filters  and  plaited  filters 
are  employed;  the  former  when  the  separated  solid  substance  is  required, 
the  latter — which  is  more  expeditious — when  the  filtrate  (the  clear  solu- 
tion which  passes  through)  only  is  wanted.  To  make  a  plaited  filter,  is 
more  easily  shown  than  described.  Smooth  filters  are  prepared  by  double- 
folding  a  circular  piece  of  paper,  with  the  folds  at  right  angles ;  they  must 
fit  close  to  the  funnel  in  every  part.  In  cases  where  the  contents  of  the 
filter  have  to  be  washed,  the  paper  must  not  project  above  the  edge  of 
the  funnel.  It  is  in  most  cases  advisable  to  moisten  the  filter  before 
passing  the  solution  through  it,  for  this  not  only  tends  to  accelerate  the 
process,  but  also  prevents  the 
sohd  particles  from  being 
carried  through  the  pores  of 
the  filter.  The  paper  selected 
for  filters  must  be  as  free  as 
possible  from  inorganic  mat- 
ter, especially  such  as  is  dis- 
solved by  acids,  like  sesqui- 
oxide  of  iron  and  lime.  The 
common  filtering  paper  of 
commerce  is  seldom  equal  to 
our  requirements  in  this 
respect,  and  it  is  better 
therefore  always  to  wash  it 
with  acid  and  water  when- 
ever it  is  intended  to  use  it 
in  accurate  analyses  ;  for  this 
purpose,  the  apparatus  shown 
in  fig.  1  will  be  found  con- 
venient. A  is  a  bottle  with 
the  bottom  out,  a  and  b  are 
glass  plates,  between  which 
he  the  filters  previously  cut 
and  folded,  d  is  a  glass  tube 
fitted  into  the  cork  c,  and  e  is 
a  piece  of  flexible  tube,  which 
is  closed  by  a  clip  or  a  piece 
of  glass  rod.  The  vessel  is  filled  with  a  mixture  of  one  part  of  hydro- 
chloric acid,  sp.  gr.  1-12,  and  two  of  water,  in  which  the  filters  are  allowed 
to  soak  twelve  hours,  the  acid  being  then  run  ofi"  and  replaced  by  common 
water.  After  an  hour,  this  is  replaced  by  fresh  water,  and  so  on  until 
the  washings  are  barely  acid.  The  washing  is  then  continued  with 
distilled  water  until  the  washings  are  free  from  hydrochloric  acid — that 
is,  unto  they  no  longer  become  turbid  when  mixed  with  a  few  di'ops  of 
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[§§  6,  7. 


solution  of  nitrate  of  silver.  Finally,  the  filters  are  drained,  turned  out 
on  to  blotting  paper,  covered  with  the  same,  and  dried  in  a  sieve  in  a 
warm  place.    Wlien  two  or  three  filters  only  have  to  be  washed,  they 

are  placed  in  a  funnel,  as  in 
filtering,  one  inside  the  other, 
moistened  with  dilute  hydro- 
chloric or  nitric  acid,  and  after 
some  time  well  washed  with 
distilled  water.  If  filtering 
paper  is  good,  it  must,  besides 
being  pure,  allow  liquids  to 
pass  through  readily,  and  yet 
completely  retain  even  the 
finest  precipitates,  such  as  sul- 
phate of  baryta,  oxalate  of 
lime,  &c.  Where  a  paper 
satisfying  these  requirements 
cannot  be  readily  procured  it 
is  advisable  to  keep  two  sorts, 
one  of  closer  texture,  for  the 
separation  of  very  finely 
divided  precipitates,  and  an- 
other more  porous  for  the 
speedy  separation  of  coarser 
particles. 

The  funnels  should  be  of  glass  (§  18,  9) ;  they  are  usually  placed  on  a 
filter-stand,  to  keep  them  in  a  fixed  position.  The  stand  shown  in  fig.  2 
is  well  adapted  for  the  reception  of  the  small-sized  funnels  used  in 
qualitative  analyses. 

The  method  of  rapid  filtration  by  means  of  an  exhausting  apparatus 
will  be  described  in  tlae  Quantitative  Analysis. 

§  6. 

6.  Decantation. 

This  operation  is  frequently  resorted  to  instead  of  filtration,  in  cases 
where  the  solid  particles  to  be  removed  are  of  considerably  greater 
specific  gravity  than  the  liquid  in  which  they  are  suspended ;  in  such 
cases  they  will  speedily  subside,  rendering  it  easy  either  to  decant  the 
supernatant  liquid  by  simply  inclining  the  vessel,  or  to  draw  it  off"  by 
means  of  a  syphon  or  pipette.  Decantation  has  frequently  to  be  em- 
ployed for  the  complete  separation  of  precipitates,  especially  when  they 
are  of  so  gelatinous  or  slimy  a  nature  that  they  would  immediately  stop 
the  pores  of  a  filter,  and  prevent  the  passage  of  the  liquid.  Occasionally, 
decantation  and  filtration  are  combined  by  allowing  the  precipitate  to 
settle,  and  then  pouring  off  the  supernatant  liquid  on  to  a  filter  so  as  to 
render  it  quite  clear. 

§  7. 

6.  Washing. 

In  cases  where  filtration  or  decantation  is  resorted  to  for  the  pur- 
pose of  obtaining  the  sohd  substance,  the  latter  has  to  be  freed  from 


Fig.  2. 
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the  adhering  Kquid  by  repeated  washing.  Precipitates  collected  on  a 
filter  are  usually  washed  by  means  of  the  wash-bottle  (fig.  3). 

The  drawing  scarcely  needs  explanation.  The  outer  end  of  the  tube 
a  is  drawn  out  to  a  fine  point.  If  it  is  desired  to  have  a  movable  jet, 
the  short  tube  is  divided  at  a  and  the  two  parts 
connected  by  means  of  a  piece  of  caoutchouc 
tubing.  By  blowing  air  into  the  flask  through 
the  other  tube,  a  fine  jet  of  water  is  expelled 
through  a,  with  a  certain  degree  of  force,  which 
is  particularly  well  suited  for  washing  precipi- 
tates. Wash-bottles  of  this  construction  have 
also  the  advantage  that  they  can  be  used  equally 
well  with  hot  water.  For  this  purpose,  they  are 
either  furnished  mth  a  handle,  or  some  cork  is 
bound  round  the  neck.  The  best  way  of  washing 
by  decantation  is,  after  the  supernatant  Hquid 
has  been  poured  off,  to  stir  up  the  precipitate 
with  water  or  whatever  liquid  may  be  used  for 
the  washing,  allow  it  to  settle,  pour  off  again,  and 
so  on. 

As  the  success  of  an  analytical  operation 
often  depends  absolutely  on  the  proper  washing  of  a  precipitate,  it  may 
be  as  well  to  mention  at  once  that  the  operation  ought  never  to  be 
considered  complete  until  this  has  been  actually  attained ;  as  a  rule, 
this  is  the  case  only  when  the  precipitate  has  been  entirely  freed  from 
the  adhering  solution.  The  operator  should,  in  this  respect,  never 
trust  to  mere  behef  or  guessing,  but  should  always  make  quite  sure  by 
properly  testing  the  last  washings.  With  non-volatile  substances,  it  is 
generally  enough  to  slowly  evaporate  a  drop  of  the  last  washings  on 
platinum-foil ;  if  there  is  no  residue,  it  will  show  that  the  washing  is 
completed. 

§  8. 
7.  Dialysis. 

Dialysis  is  an  operation  which  is  occasionally  employed  for  the 
separation  of  substances  from  each  other  when  they  are  in  solution 
together;  at  first  sight  it  appears  to  have  some  resemblance  to  filtra- 
tion, but  in  reality  it  differs  essentially  from  it.  This  operation  was 
introduced  to  the  scientific  world  by  Graham,*  and  depends  on  the 
difference  in  the  behaviour  of  different  substances  dissolved  in  water 
towards  moist  membranes.  A  certain  class  of  compounds,  the  crystal- 
loids, have  the  power  of  penetrating  suitable  membranes  with  which  their 
solution  may  be  placed  in  contact ;  whilst  another  class,  the  colloids, 
do  not  possess  that  property.  Hence  the  two  classes  may  be  separated 
by  means  of  dialysis.  To  the  class  of  crystalloids  belong  all  crystallizable 
substances ;  to  the  colloids  all  non-crystalhzable  substances,  as  gelatin, 
gum,  dextrin,  caramel,  tannin,  albumin,  extractive  matters,  hydrated 
silicic  acid,  &c.  The  septum  must  consist  of  a  colloid  material,  such  as 
an  animal_  membrane,  or,  better  still,  parchment  paper  or  gold-beater's 
.skin,  and  it  must  on  the  other  side  be  in  contact  with  water.  Graham 


Fig.  3. 


*  Phil.  Mag.  Fourth  Series,  Nos.  153-155  ;  also  Aun.  Chem.  Pharm.  121,  12. 
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explains  the  action  on  the  assumption  that  the  crystalloids  appropriate 
to  themselves  the  water  absorbed  by  the  colloid  septum,  acquiring 
thereby  a  medium  for  diffusion,  whilst  the  dissolved  colloids  are  un- 
able to  separate  the  water  from  the  septum,  and  fail  therefore  to  pene- 
trate the  latter.    Figs.  4  and  5  exhibit  suitable  forms  of  apparatus  for 


Fig.  4.  Fig.  5. 

this  operation.    In  fig.  4,  the  dialyser  consists  of  the  top  of  a  bottle 
closed  below  with  parchment  paper;  in  fig.  5,  it  consists  of  a  hoop 
covered  with  parchment  paper  so  as  to  resemble  a  sieve.    The  hoop 
may  be  of  wood,  or  better  of  gutta-percha.    The  disc  of  parchment 
paper  used  should  measure  three  or  four  inches  in  diameter  more  than 
the  space  to  be  covered ;  it  is  moistened,  stretched  over  and  fastened  by 
a  string  or  by  an  elastic  band,  but  it  should  not  be  secured  too  firmly. 
The  parchment  paper  must  not  be  porous ;  its  soundness  may  be  tested 
by  sponging  the  upper  side  with  water,  and  observing  whether  wet  spots 
show  on  the  other  side.    Defects  may  be  remedied  by  applying  liquid 
albumin  and  coagulating  this  by  heat.    When  the  dialyser  has  thus 
been  prepared,  the  substance  to  be  examined  is  poured  into  it.    If  the 
mass  is  quite  Hquid,  the  apparatus  fig.  4  may  be  used,  but  if  it  contains 
undissolved  sohd  matter,  the  hoop  is  to  be  preferred.  •  The  depth  of 
liquid  in  the  dialyser  should  not  be  more  than  half  an  inch,  and  the 
membrane  should  dip  a  little  way  below  the  surface  of  the  water  in  the 
outer  vessel,  which  should  be  at  least  four  times  the  bulk  of  the  liquid 
to  be  dialysed.    The  dialyser  in  fig.  4  is  suspended  in  the  manner 
indicated — the  hoop  is  simply  floated  on  the  water.    After  twenty-four 
hours,  half  or  three-fourths  of  the  crystalloids  will  be  found  in  the  ex- 
ternal water,  while  the  colloids  remain  in  the  dialyser — at  most  only 
traces  pass  into  the  external  Hquid.    If  the  dialyser  is  brought  suc- 
cessively in  contact  with  fresh  supplies  of  water,  the  whole  of  the 
crystalloids  may  be  finally  separated  from  the  colloids.    This  operation 
is  often  of  considerable  service  in  chemico-legal  investigations  for  the 
extraction  of  poisonous  crystalloids  from  parts  of  a  dead  body,  food, 
vomit,  &c. 


There. are  four  operations  which  serve  to  separate  volatile  from 
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volatile  or  non-volatile  substances— namely,  Evaporation,  Distilla- 
tion, Ignition,  and  Sublimation.  The  two  former  refer  exclusively 
to  liquids,  the  two  latter  exclusively  to  solids. 

§  9. 

8.  Evaporation. 

This  is  one  of  the  most  common  operations  in  analytical  chemistry, 
and  is  employed  to  separate  volatile  liquids  from  less  volatile  or  non- 
volatile substances  (no  matter  whether  solid  or  liquid),  in  cases  where 
the  residue  alone  is  of  importance,  whilst  the  substance  volatilized  is 
entirely  disregarded thus,  for  instance,  we  have  recourse  to  evaporation 
if  we  want  to  remove  from  a  saline  solution  part  of  the  water,  so  as  to 
bring  about  crystalhzation  of  the  salt ;  or  if  we  wish  to  obtain  a  non- 
crystallizable  substance  in  a  solid  form,  by  the  removal  of  the  whole  of 
the  water  from  the  solution.  The  evaporated  water  is  entirely  dis- 
regarded in  both  cases,  the  only  object  being  to  obtain,  in  the  one  case  a 
more  concentrated  solution,  and  in  the  other  the  dry  substance.  _  Evapo- 
ration is  invariably  attained  by  converting  into  vapour  the  liquid  which 
is  to  be  removed,  generally  by  the  application  of  heat ;  sometimes, 
however,  by  leaving  the  solution  freely  exposed  to  the  air  for  a  time,  or 
in  contact  with  an  enclosed  volume  of  air  kept  dry  by  hygroscopic 
substances,  such  as  concentrated  sulphuric  acid,  chloride  of  calcium,  &c. ; 
or,  lastly,  in  many  cases,  by  placing  the  solution  in  air,  under  diminished 
pressure,  along  with  hygroscopic  substances.  As  it  is  of  the  greatest 
importance  in  qualitative  analysis  to  guard  against  the  slightest  con- 
tamination, and  as  there  is  the  greater  chance  of  this  the  longer  the 
operation  lasts,  it  is  usual  to  evaporate  the  solution  as  quickly  as 
possible,  in  porcelain  or  platinum  dishes,  over  the  flame  of  a  spirit  or 
gas-lamp,  in  a  separate  place  free  from  dust,  preferably  in  a  cupboard 
provided  with  a  draught.  If  there  is  no  place  of  the  kind,  recourse 
must  be  had  to  the  much  less  suitable  proceeding  of  covering  the  dish ; 
the  best  way  of  doing  this  is  to  suspend  over  the  dish  a  large  glass 
funnel  by  means  of  a  retort-holder,  so  as  to  leave  sufficient  space 
between  the  rim  of  the  funnel  and  the  border  of  the  dish ;  the  funnel 
is  placed  slightly  aslant,  that  the  drops  running  down  its  sides  may  be 
received  in  a  beaker.  Or  the  dish  may  be  covered  with  a  sheet  of  filter- 
paper  previously  freed  from  inorganic  substances  by  washing  with  dilute 
hydrochloric  or  nitric  acid  (see  p.  7)  ;  were  common  and  unwashed  filter- 
paper  used  for  the  purpose,  the  sesquioxide  of  iron,  lime,  &c.,  contained 
in  it  would  dissolve  in  the  vapours  evolved  (more  especially  if  acid),  and 


Fig.  6. 


the  solution  dripping  down  into  the  evaporating  liquid  would  speedily 
contaminate  it.  These  precautions  are  necessary  of  course  only  in 
accurate  analyses.  Large  quantities  of  liquid  are  evaporated  best  over 
a  charcoal  fiire  or  gas-flame,  in  flasks  standing  aslant,  and  covered  with 
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a  cap  of  purified  filter-paper,  or  in  tubulated  retorts  with  the  neck 
inclined  obliquely  upwards,  and  the  tubulure  open.  Evaporation  at 
100°  is  conducted  in  a  suitable  steam  apparatus,  or  in  the  water-bath 
shown  in  fig,  6,  on  which  porcelain  or  copper  rings  may  be  laid  if  the 
dish  is  small.  Evaporation  to  dryness  is  not  usually  conducted  over  the 
naked  flame,  but  generally  either  on  the  water-bath,  or  the  sand-bath, 
or  on  an  iron  plate. 

There  is  a  circumstance  connected  with  the  subject  which  should  be 
noted  here ;  namely,  that  porcelain  and  glass  vessels — which  we  can 
hardly  avoid  using  for  the  evaporation  of  large  quantities  of  liquid — are 
slightly  attacked,  and  in  this  way  their  contents  become  more  or  less 
contaminated;  this  is  a  source  of  great  trouble  in  delicate  work.  It 
will  be  more  fully  discussed  in  the  Quantitative  Analysis,  but  it 
may  be  noted  here  that  alkaline  liquids  should  never  be  evaporated  in 
glass  vessels,  as  these  are  attacked  considerably  at  a  boiling  temperature. 

§  10. 

9.  Distillation. 

This  operation  serves  to  separate  a  volatile  liquid  from  a  less  volatile 
or  a  non-volatile  substance  (no  matter  whether  solid  or  liquid)  where 
the  object  is  to  recover  the  volatile  liquid.  For  this  purpose,  it  is 
necessary  to  convert  the  volatilized  solvent  to  the  liquid  state  again.  A 
distilHng  apparatus  consists  consequently  of  three  parts,  whether  they 
are  separable  or  not.  These  are ;  first,  a  vessel  in  which  the  liquid  to  be 
distilled  is  heated,  and  thereby  converted  into  vapour  ;  secondly,  an  appa- 


ratus in  which  this  vapour  is  cooled  again  or  condensed,  and  thus  recon- 
verted to  the  liquid  state ;  and  thirdly,  a  r  e  c  e  i  v  e  r  or  vessel  to  receive  the 
liquid  thus  reproduced  by  the  condensation  of  the  vapour  (the  distillate). 
For  the  distillation  of  lai'ge  quantities  of  liquid  metallic  apparatus  are 
used  (copper  stills  with  head  and  condenser  of  tin),  or  large  glass 
retorts ;  in  analytical  investigations  we  either  use  small  retorts  with 
receivers,  or  more  usually  an  apparatus  such  as  that  shown  in  fig.  7. 
The  liquid  to  be  distilled  is  boiled  in  a,  and  the  vapour  escapes  through 
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the  tube  which  is  fitted  into  the  cork ;  this  tube  is  surrounded  with  a 
wider  tube  which  is  filled  with  cold  water.  In  proportion  as  the  water 
cools  the  inner  tube,  it  becomes  heated  itself,  and  requires  to  be  renewed 
either  continuously  or  occasionally,  which  is  done  by  pouring  cold  water 
in  through  d,  after  placing  a  vessel  under  g  to  catch  the  hot  water  which 
will  run  out,    A  small  flask  serves  as  a  receiver. 

§  11. 
10.  Ignition. 

Ignition,  to  a  certain  extent,  has  the  same  relation  to  solids  that 
evaporation  has  to  liquids ;  since  it  serves,  at  least  generally,  to  sepa- 
rate volatile  from  less  volatile  or  non-volatile  substances  in  cases 
where  the  residue  alone  is  of  importance.  The  process  of  ignition 
always  presupposes  the  application  of  a  high  temperature,  in  which 
respect  it  differs  from  drying.  The  form  or  state  which  the  eliminated 
substance  assumes  on  coohng — whether  it  remains  gaseous,  as  in  the 
ignition  of  carbonate  of  lime ;  or  assumes  the  liquid  state,  as  in  the 
ignition  of  hydrate  of  lime ;  or  solidifies,  as  in  the  ignition  of  a  mixture 
containing  chloride  of  ammonium — is  a  matter  of  perfect  indifference  as 
regards  the  name  given  to  the  operation. 

The  process  of  ignition  is  mostly  employed,  as  has  just  been  said,  to 
effect  the  elimination  of  a  volatile  compound.  In  some  instances,  how- 
ever, substances  are  ignited  simply  for  the  purpose  of  modifying  their 
state,  without  any  volatilization  taking  place ;  thus  sesquioxide  of 
chromium  is  converted  by  ignition  into  the  so-called  insoluble  modifi- 
cation, &c.  In  analytical  investigations,  substances  under  examination 
are  often  ignited,  that  the  operator  may  draw  some  conclusion  as  to 
their  nature  from  their  behaviour  at  a  red  heat,  such  as  their  fixity, 
their  fusibihty,  the  presence  or  absence  of  organic  matter,  &c. 

Crucibles  are  the  vessels  generally  made  use  of  in  ignition.  In 
operations  on  a  large  scale,  Hessian  or  black-lead  crucibles  are  used, 
heated  by  charcoal  or  gas ;  in  analytical  experiments,  small-sized 
crucibles  or  dishes  of  porcelain,  platinum,  silver,  or  iron  are  chosen,  or 
glass  tubes  sealed  at  one  end,  according  to  the  nature  of  the  substance 
to  be  ignited;  these  crucibles,  dishes,  or  tubes  are  heated  over  a 
BerzeHus  spirit-lamp,  or  a  gas-lamp,  or  a  bellows  blowpipe. 

§  12. 

11.  Sublimation. 

If  a  solid  substance  is  converted  into  vapour  by  the  application  of 
heat,  and  subsequently  recondenses  to  a  solid  on  cooling,  the  process  is 
termed  sublimation,  and  the  substance  volatilized  and  recondensed  is 
called  a  sublimate.  Sublimation  may  be  defined,  therefore,  as  the 
distillation  of  solid  substances,  and  is  used  mostly  to  efiect  the  separation 
of  compounds  which  have  different  degrees  of  volatility.  It  is  of  the 
gi'eatest  importance  in  analysis  for  the  detection  of  certain  substances, 
such  as  arsenic.  The  vessels  used  in  sublimation  are  of  various 
shapes,  according  to  the  degree  of  volatility  of  the  substance  operated 
on.  In  sublimations  for  analytical  purposes,  glass  tubes  closed  at  one 
end  are  generally  employed.     When  the  sublimation  is  performed 
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with  the  aid  of  a,  current  of  hydrogen  or  carbonic  acid,  open  glass 
tubes  are  used ;  these  are  usually  made  narrower  just  behind  the  part 
to  which  the  heat  is  applied. 

§  13. 
12.  Fusion. 

Fusion  is  the  conversion  of  a  solid  substance  to  the  liquid  state  by 
the  application  of  heat ;  it  is  most  frequently  used  to  effect  combination 
or  decomposition.  The  term  is  also  applied  in  cases  where  substances 
insoluble  or  sparingly  soluble  in  water  and  acids,  are  by  fusion  along 
with  some  other  compound  modified  or  decomposed  in  such  a  manner 
that  they  or  the  new-formed  compounds  will  subsequently  dissolve 
in  water  or  acids.  Fusion  is  conducted  either  in  porcelain,  silver,  or 
platinum  crucibles,  according  to  the  nature  of  the  compound.  The 
crucible  is  supported  on  a  triangle  of  moderately  stout  platinum  wire, 
resting  on,  or  attached  to,  the  iron  ring  of  the  Berzelius  spirit-lamp  or 
the  gas-lamp.  Triangles  of  thick  iron  wire,  especially  when  laid  upon 
the  stouter  brass  ring  of  the  lamp,  carry  off  too  much  heat  to  allow  of 
the  production  of  very  high  temperatures.  Small  quantities  of  substance 
are  also  often  fused  in  glass  tubes  sealed  at  one  end. 

Resort  to  fusion  is  especially  required  for  the  analysis  of  the 
sulphates  of  the  alkahne  earths,  and  also  for  that  of  many  sUicates  and 
■alumina  compounds.  The  flux  most  commonly  used  is  carbonate  of 
.■soda  or  carbonate  of  potassa,  or,  better  still,  a  mixture  of  both  in  equal 
■atomic  proportions  (see  §  76).  In  certain  cases,  hydrate  of  baryta  is 
(used  instead  of  the  alkaline  carbonates. 

For  the  fusion  of  aluminates,  bisulphate  of  potassa  or  bisulphate  of 
■soda  is  frequently  used. 

A  platinum  crucible  is  used  for  the  fusion,  whether  alkaline  car- 
bonates, hydrate  of  baryta,  or  alkaline  bisulphates  are  employed. 

It  is  as  well  to  mention  here  a  few  necessary  precautions  for  the 
prevention  of  damage  to  the  platinum  vessels  used  in  these  operations. 
No  substance  evolving  chlorine  ought  to  be  treated  in  platinum  vessels ; 
nitrates  of  the  alkalies,  hydrate  of  potassa  and  soda,  metals,  or  sulphides 
of  metals  or  cyanides  of  the  alkali  metals  must  not  be  fused  in  such 
vessels ;  neither  should  readily  deoxidizable  metallic  oxides,  nor  salts  of 
the  heavy  metals  with  organic  acids  be  ignited  in  them,  nor  phosphates 
in  presence  of  organic  compounds.  It  is  also  detrimental  to  platinum 
crucibles,  and  especially  to  their  covers,  to  expose  them  to  the  direct 
action  of  intense  charcoal  fire,  as  the  ash  of  the  charcoal  is  likely  to  give 
rise  to  the  formation  of  silicide  of  platinum,  which  renders  the  vessel 
brittle.  It  is  always  advisable  to  support  platinum  crucibles  used 
in  ignition  or  fusion  on  triangles  of  platinum  wire.  When  a  platinum 
crucible  has  been  made  white  hot  over  the  bellows  blowpipe,  it  is  unwise 
to  cool  it  too  quickly  by  suddenly  turning  off  the  gas,  and  allowing  the 
cold  blast  to  play  upon  it,  since  the  crucible  is  under  these  circumstances 
very  liable  to  become  slightly  cracked.  Platinum  crucibles  are  cleaned 
by  rubbing  with  wet  sea-sand,  the  round  grains  of  which  do  not 
scratch  the  metal.  Where  this  faUs  to  remove  the  stains,  the  desired 
object  may  be  attained  by  fusing  bisulphate  of  potassa  or  borax  in  the 
crucible,  "boihng  subsequently  with  water,  and  finally  polishing  with 
sea-sand. 
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We  have  still  to  speak  liei^e  of  another  operation  which  bears  some 
Affinity  to  fusion,  namely — 

§  14. 

13.  Deflagration. 

By  deflagration,  in  the  widest  sense,  is  meant  every  process  of  de- 
composition attended  with  noise  or  detonation — the  cause  of  the  decom- 
position being  a  matter  of  perfect  indifference  as  regards  the  application 
of  the  term  in  this  sense.  The  same  term,  however,  is  used,  in  a  more 
restricted  sense,  to  designate  the  oxidation  of  a  substance  in  the  dry  way, 
at  the  expense  of  the  oxygen  of  another  substance  mixed  with  it 
(usually  a  nitrate  or  a  chlorate),  and  is  connected  with  the  idea  of  a 
sudden  and  violent  combustion  attended  with  vivid  incandescence  and 
noise  or  detonation. 

Deflagration  is  resorted  to  either  to  produce  the  desired  oxide — 
thus  sulphide  of  arsenic  is  deflagrated  with  nitrate  of  potassa  to  obtain 
arsenate  of  potassa ;  or  it  is  apphed  as  a  means  to  prove  the  presence 
or  absence  of  a  certain  substance — thus  salts  are  tested  for  nitric  or 
chloric  acid  by  fusing  them  with  cyanide  of  potassium,  and  observing 
whether  they  deflagrate,  &c.  For  the  first,  the  perfectly  dry  mixture  of 
the  substance  with  the  deflagi'ating  agent  is  projected  in  small  portions 
at  a  time  into  a  red-hot  crucible.  Experiments  of  the  latter  description 
■should  invariably  be  made  with  minute  quantities,  preferably  on  a  piece 
of  thin  platinum  foil,  or  in  a  small  spoon. 


§  15. 

14.  Use  of  the  Blowpipe. 

This  operation  belongs  exclusively  to  analytical  chemistry,  and  is  of 
paramount  importance  in  many  analytical  processes. 
We  have  to  consider  the  apparatus  required,  the  way 
it  is  apphed,  and  the  results  obtained. 

The  blowpipe  fig.  8  is  a  small  instrument,  usually 
made  of  brass  or  German  silver.  It  was  originally 
used  for  soldering,  whence  it  derived  the  name  of 
soldering  pipe  {Lothrohr),  by  which  the  Germans 
designate  it.  It  consists  of  three  distinct  parts;  viz., 
1st,  a  tube  a  b,  fitted,  for  greater  convenience,  with  a 
horn  or  ivory  mouthpiece,  through  which  air  is  blown 
from  the  mouth ;  2nd,  a  small  cylindrical  vessel  c  d, 
into  which  a  6  is  screwed  air-tight,  and  which  serves 
as  an  air-chamber  and  to  retain  the  moisture  of  the 
breath ;  and  3rd,  a  smaller  tube  /  g,  also  fitted  into 
c  d.  This  small  tube,  which  is  at  right  angles  with 
the  larger  one,  is  furnished  at  its  aperture  either 
simply  with  a  finely  perforated  platinum  plate,  or 
more  conveniently  with  a  finely  perforated  plati- 
num nozzle,  h.  The  construction  of  this  nozzle  is 
shown  in  fig.  -9.  It  costs  a  little  more  than  a  simple 
plate,  but  it  is  much  more  durable.  If  the  open- 
ing of  the  nozzle  gets  stopped  up,  the  obstruction 


a 


Fig.  8. 


may  generally  be  removed  by  heating  it  to  redness  before  the  blowpipe. 
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The  proper  length  of  the  blowpipe  depends  on  the  distance  to  which 
the  operator  can  see  with  distinctness;  it  is  usually  from  20  to  25 
centimetres.  The  form  of  the  mouthpipce  varies.  Some  chemists  like 
it  of  a  shape  to  be  encircled  by  the  lips ;  others  prefer  a  trumpet-shaped 
mouthpiece,  which  is  only  pressed  against  the  lips.  The  latter  requires 
less  exertion  on  the  part  of  the  operator,  and  is,  therefore,  generally 
chosen  by  those  who  have  a  great  deal  of  blowpipe  work  to  do. 

The  blowpipe  serves  to  conduct  a  continuous  slender  current  of  air 
into  a  gas-flame,  or  into  the  flame  of  a  candle  or  lamp,  or  sometimes 
into  a  spirit-of-wine  flame.  The  flame  of  a  candle  (and  also  that  of  gas 
or  of  an  oil  lamp),  burning  under  ordinary  circumstances, 
consists  of  three  distinct  parts,  as  shown  in  fig.  10,  viz.,  Isty 
a  dark  nucleus  in  the  centre,  a ;  2nd,  a  luminous  cone,  efg, 
surrounding  this  nucleus;  and,  3rd,  a  feebly  luminous 
mantle,  bed,  encircling  the  whole  flame.  The  dark  nucleus 
is  formed  by  the  gases  which  the  heat  evolves  from  the  wax 
or  fat,  and  which  cannot  burn  here  for  want  of  oxygen.  In 
the  luminous  cone,  these  gases  come  in  contact  with  a  certain 
amount  of  air  insufiicient  for  their  complete  combustion ;  in 
this  part,  therefore,  it  is  principally  the  hydrogen  of  the- 
hydrocarbon  product  which  burns,  whilst  the  carbon  sepa- 
rates in  a  state  of  intense  ignition,  and  imparts  to  the  flame 
the  luminous  appearance  observed  in  this  part.  In  the 
outer  coat,  the  access  of  air  is  no  longer  limited,  and  all  the 
matter  not  yet  burned  is  consumed  here.    This  part  of  the 


Fig.  10. 


flame  is  the  hottest,  and  the  extreme  apex  is  the  hottest 
point  of  it.  Oxidizable  bodies  oxidize  therefore  with  the 
greatest  possible  rapidity  when  placed  in  it,  since  all  the  conditions  of 
oxidation  are  here  united,  that  is,  high  temperature  and  an  unlimited 
supply  of  oxygen.  This  outer  part  of  the  flame  is  therefore  called  the 
oxidizing  flame.  On  the  other  hand,  oxides  having  a  tendency  to  yield 
up  their  oxygen  are  reduced  when  placed  within  the  luminous  part  of 
the  flame,  the  oxygen  being  withdrawn  from  them  by  the  carbon  and 
the  unconsumed  hydrocarbons  there  present.  The  luminous  part  of 
the  flame  is  therefore  called  the  reducing  flame. 

Now  the  effect  of  blowing  a  thin  stream  of  air  across  a  flame  is, 
first,  to  alter  the  shape  of  the  flame,  as,  from  tending  upward,  it  is  now 
driven  sideways  in  the  direction  of  the  blast,  being  at  the  same  time 
lengthened  and  narrowed;  and,  in  the  second  place,  to  extend  the 
sphere  of  combustion  from  the  outer  to  the  inner  part.  As  the  latter 
circumstance  causes  an  extraordinary  increase  in  the  heat  of  the  flame,, 
and  the  former  a  concentration  of  that  heat  within  narrower  Hmits,  it 
is  easy  to  understand  the  very  energetic  action  of  the  blowpipe  flame. 
The  way  of  holding  the  blowpipe  and  the  nature  of  the  blast  will  depend 
on  whether  the  operator  wants  a  reducing  or  an  oxidizing  flame.  The 
easiest  way  of  producing  the  most  efficient  flames  of  both  kinds  is  by 
means  of  coal-gas  delivered  from  a  jet,  shaped  as  in  fig.  11,  the  slit  being 
1  centimetre  long  and  1\  to  2  millimetres  wide;  as  with  the  use  of  gas 
the  operator  is  enabled  to  regulate  not  only  the  current  of  air,  but  that 
of  the  gas  also.  The  task  of  keeping  the  blowpipe  steadily  in  the  proper 
position  may  be  greatly  facilitated  by  firmly  resting  it  upon  some  move- 
able metallic  support,  such,  for  instance,  as  the  ring  of  the  Bunsen  gas- 
lamp  intended  for  supporting  dishes,  &c. 
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Fig.  11  shows  the  flame  for  reducing,  fig.  12  the  flame  for  oxi- 


dizing. 


Fig.  11. 

The  reducing  flame  is  produced  by  keeping  the  jet  of  the  blowpipe 
just  on  the  border  of  a  tolerably  strong  gas  flame,  and  driving  a 
moderate  blast  across  it.  The  resulting  mixture  of  the  air  with  the 
gas  is  only  imperfect,  and  there  remains  between  the  inner  bluish  part 
of  the  flame  and  the  outer  barely  visible  part  a  luminous  and  reducing 
zone,  of  which  the  hottest  point  lies  somewhat  beyond  the  apex  of  the 
inner  cone. 

To  produce  the  oxidizing  flame,  the  gas  is  lowered  somewhat,  the 
jet  of  the  blowpipe  pushed  a  Httle  further  into  the  flame,  and  the  strength 
of  the  blast  somewhat  increased.  This  efiects  an  intimate  mixture  of 
the  air  and  gas,  and  an  inner,  pointed,  bluish  cone,  slightly  luminous 


Fig.  12. 

towards  the  apex,  is  formed,  and  surrounded  by  a  thin,  pointed,  pale-blue 
barely  visible  mantle.  The  hottest  part  of  the  flame  is  at  the  apex  of  the 
inner  cone.  Difficultly  fusible  substances  must  be  exposed  to  this  part 
of  the  flame  to  effect  their  fusion  ;  but  those  which  have  to  be  oxidized 
are  held  a  httle  beyond  the  apex,  that  there  may  be  no  want  of  air  for 
their  combustion.  An  oil-lamp  with  broad  wick  of  proper  thickness 
may  be  used  instead  of  gas  ;  a  thick  wax-candle  also  will  do.  When  an 
oxidizing  flame  is  required,  a  small  spirit-lamp  wUl  in  most  cases  answer 
the  purpose. 

.nf  ^^-^w^'^      produced  with  the  muscles  of  the  cheek  alone,  and 


18 


USE  OF  THE  BLOWPIPE. 


practising  for  some  time  to  breathe  quietly  with  distended  cheeks  and 
with  the  blowpipe  between  the  lips;  with  practice  and  patience,  the- 
student  will  soon  be  able  to  produce  an  even  and  uninterrupted  current. 

The  supports  on  which  substances  are  exposed  to  the  blowpipe 
flame  are  generally  either  wood  charcoal,  or  platinum  wire  or  foil. 

Charcoal  supports  are  chiefly  used  in  the  reduction  of  metallic 
oxides,  &c.,  or  when  trying  the  fusibility  of  substances.  The  substance 
to  be  operated  on  is  put  into  a  small  conical  cavity  scooped  out  of  the 
charcoal  with  a  penknife  or  with  a  little  tin  tube.  Metals  that  are 
volatile  at  the  heat  of  the  reducing  flame  evaporate  wholly  or  in  part 
as  their  oxides  become  reduced :  in  passing  through  the  outer  flame, 
the  metallic  fumes  are  re-oxidized,  and  the  re-formed  oxide  is  deposited 
around  that  left  on  the  support.  Such  deposits  are  called  incrustations ; 
and  as  many  of  these  exhibit  characteristic  colours,  they  serve  for  the 
detection  of  the  metals.  ISTone  but  thoroughly-burnt  pieces  of  charcoal 
should  be  used,  otherwise  they  are  apt  to  decrepitate  and  throw  o3'  the 
substance.  The  charcoal  from  the  pine,  linden,  or  wiUow  is  far 
preferable  to  that  of  harder  woods,  or  such  as  are  richer  in  ash. 
Smooth  pieces  ought  to  be  selected,  as  knotty  pieces  are  apt  to 
decrepitate  when  heated  and  throw  ofi"  the  substance.  The  most 
convenient  way  is  to  saw  the  charcoal  of  well-seasoned  and  straight- 
split  pinewood  into  parallelopipedic  pieces,  and  to  blow  or  brush  ofi^ 
the  dust ;  they  may  then  be  handled  without  soiling  the  hands.  Those 
sides  alone  are  used  on  which  the  annual  rings  are  visible  on  the  edge, 
as  on  the  other  sides  the  fused  matters  are  apt  to  spread  over  the 
surface  of  the  charcoal  (Berzelius).  Small  charcoal  supports  are 
sometimes  sold,  which  have  been  made  from  powdered  charcoal,  mixed 
with  rice  or  starch  paste,  and  stamped  into  convenient  shapes — they 
are  very  handy  and  clean. 

The  properties  which  make  charcoal  so  valuable  as  a  material  for 
supports  in  blowpipe  experiments  are — 

1.  Its  infusibility. 

2.  Its  low  conducting  power  for  heat,  which  permits  of  the  substance 
being  heated  more  strongly  upon  a  charcoal  support  than  upon  anj 
other. 

3.  Its  porosity,  which  makes  it  absorb  readily  fusible  substances, 
such  as  borax,  carbonate  of  soda,  &c.,  whilst  those  which  are  infusible 
remain  on  the  surface. 

4.  Its  reducing  power,  which  greatly  contributes  to  the  reduction  of 
oxides  in  the  inner  blowpipe  flame. 

Platinum  wire,  and  occasionally  platinvim  foil,  is  used  in  all 
oxidizing  processes  before  the  blowpipe ;  also  when  fusing  substances 
with  fluxes,  with  a  view  to  try  their  solubility  in  them,  to  watch  the 
phenomena  attending  the  dissolution,  and  mark  the  colour  of  the  bead ; 
lastly,  to  introduce  substances  into  the  flame,  to  see  whether  they  will 
colour  it.  The  wire  should  be  cut  into  lengths  of  8  centimetres,  and 
each  length  twisted  at  both  ends  into  a  small  loop  (fig.  13).  When 

o  o 

Fig.  13. 

required  for  use,  the  loop  is  moistened  with  a  drop  of  water,  then 
dipped  into  the  powdered  flux  (where  a  flux  is  used),  and  the  portion 
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adhering  fused  in  the  flame  of  a  gas-  or  spirit-lamp.  When  the  bead 
produced,  which  remains  in  the  loop,  is  cold,  it  is  moistened  again,  a 
portion  of  the  substance  to  be  examined  is  added,  and  the  bead  gently 
heated ;  lastly  it  is  exposed  to  the  inner  or  to  the  outer  blowpipe  flame 
according  to  circumstances. 

What  renders  the  application  of  the  blowpipe  particularly  useful  in 
chemical  experiments  is  the  great  expedition  with  which  the  results 
are  obtained.  These  are  of  two  kinds,  either  afibrding  us  simply  an 
insight  into  the  general  properties  of  the  substance,  so  as  to  enable  us 
to  determine  whether  it  is  fixed,  volatile,  fusible,  &c. ;  or  the  phenomena 
observed  enable  us  at  once  to  recognize  the  particular  substance  which 
is  under  treatment.  We  shall  have  occasion  to  describe  the  various 
phenomena,  when  treating  of  the  behaviour  of  the  diflferent  substances 
with  reagents. 

When  using  the  mouth  blowpipe,  one  hand  is  always  necessarily 
engaged,  and  the  production  of  a  continued  blast  requires  practice  and 
some  slight  exertion ;  moreover  it  is  not  very  easy  to  maintain  the  blow- 
pipe flame  for  any  length  of  time  perfectly  "steady,  so  that  the  substances 
exposed  to  it  may  be  invariably  kept  in  the  desired  part  of  the  flame. 
Owing  to  these  difficulties,  many  chemists  have  endeavoured  to  devise 
self-acting  blowpipe  apparatus,  and  many  contrivances  of  the  kind  have 
been  proposed  and  used.  In  some,  the  air-current  is  produced  by  means 
of  a  gasometer,  in  others,  by  a  caoutchouc  balloon,  in  others  again,  by  a 
species  of  hydrostatic  blast,  &c.  In  most  cases,  however,  the  blowpipe 
flame  may  be  replaced  by  the  Bunsen  gas-lamp,  which  burns  without 
luminosity  and  without  soot.  A  description  of  this  lamp  follows  in 
§  16. 

§  16. 

16.  The  Use  of  Lamps,  particularly  of  Gas-lamps. 

As  in  processes  of  qualitative  analysis  requiring  the  application  of 
heat,  such  as  evaporation,  distillation,  ignition,  &c.,  we  usually  have  to 
deal  with  a  small  quantity  of  substance  only,  lamps  are  generally  used, 
either  a  spirit-lamp,  or,  far  better,  a  gas-lamp,  where  coal-gas  is 
obtainable. 

_  Spirit  Lamps. — There  are  two  kinds  of  spirit-lamps,  the  simple 
spirit-lamp,  shown  in  fig.  16,  and  the  Berzelius  lamp  with  double  draught 
(fig.  14).  In  the  construction  of  the  latter,  it  should  be  borne  in  mind 
that  the  part  containing  the  wick  and  the  vessel  with  the  spirit  must  be 
m  separate  pieces,  connected  only  by  means  of  a  narrow  tube ;  otherwise 
troublesome  explosions  are  apt  to  occur  in  lighting  the  lamp.  The  chim- 
ney, also,  must  not  be  too  narrow,  or  the  stopper  fit  air-tight  on  the 
opening  through  which  the  spirit  is  poured  in.  A  lamp  should  be  selected 
which  can  be  readily  moved  up  and  down  the  pillar  of  the  stand;  this  must 
be  fitted  with  a  moveable  brass  ring  to  support  dishes  and  flasks,  and  a 
ring  of  moderately  stout  iron  wire  to  support  the  triangle  used  to 
support  crucibles  in  ignitions  and  fusions.  Of  the  various  forms  of 
kmps  in  use,  the  one  shown  in  fig.  14  is  the  best  and  most  convenient. 
Fig.  15  shows  a  triangle  of  platinum  wire  fixed  within  an  iron  wire 
ring ;  this  serves  to  support  the  crucible.  Glass  vessels,  more  particu- 
larly beakers,  which  have  to  be  heated  over  the  lamp,  are  most  conve- 
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niently  supported  on  a  piece  of  gauze  made  of  fine  iron  wire  such  as  is 
used  in  making  sieves  of  medium  fineness. 


Fig.  15. 


Fig.  14. 


FiK.  16. 


Gas  Lamps.— Of  the  many  gas-lamps  proposed,  Bunsen's,  as 
shown  in  its  simplest  form  in  figs.  17  and  18,  is  one  of  the  most  convement 
«  &  is  a  foot  of  cast  iron  measuring  7  cm.  in  diameter.   In  the  centre  of 


Fig.  17. 


Fig.  18. 
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this  is  fixed  a  square  brass  box,  c  d,  which  shghtly  tapers  towards  the 
top;  the  sides  of  this  box  are  25  mm.  high,  and  16  mm.  wide  ;  it  has  a 
cyhndrical  cavity  of  12  mm.  deep  and  10  mm.  in  diameter.    Each  side 
of  the  box  has,  4  mm.  from  the  upper  rim,  a  circular  aperture  of  8  mm. 
diameter,  leading  to  the  inner  ca^^ty.    One  of  the  sides  has  fitted  into 
it,  1  mm.  below  the  circular  aperture,  a  brass  tube,  which  serves  for  the 
attachment  of  the  india-rubber  su.pply  tube.    This  brass  tube,  which 
has  a  bore  of  4  mm.,  is  turned  in  the  shape  shown  in  fig.  17.    The  gas 
conveyed  into  it  re-issues  from  a  tube  in  the  centre  of  the  cavity  of  the 
box.    This  tube,  wlaich  is  4  mm.  thick  at  the  top,  but  thicker  at  the 
lower  end,  projects  3  mm.  above  the  rim  of  the  box ;  the  narrow  open- 
ing from  which  the  gas  issues  is  in  the  form  of  three  equidistant  radii  of 
a  circle  meeting  in  the  centre ;  the  length  of  each  radius  is  1  mm.;  the 
opening  of  the  slit  is  g  mm.  wide;  e/is  a  brass  tube  95  mm.  long, 
open  at  both  ends  with  a  bore  of  9  mm. ;  the  screw  at  the  lower  end  of 
this  tube  fits  into  the  upper  part  of  the  cavity  of  the  box.    With  this 
tube  screwed  in,  the  lamp  is  completed.    On  opening  the  stop-cock,  the 
gas  rushes  into  the  tube  e  /,  where  it  mixes  with  the  air  coming  in 
through  the  circular  apertures  below.   When  this  mixture  is  kindled  at 
/,  it  burns  with  an  upright  bluish  flame,  entirely  free  from  soot,  the  size 
of  which  maybe  regulated  at  will  by  opening  the  stop-cock  more  or  less  ; 
if  this  is  partially  open  it  suifices  to  give  a  flame  fully  answering  the 
purpose  of  the  common  spirit-lamp ;  with  the  full  stream  of  gas  turned 
on,  the  flame,  which  will  then  be  about  20  centimetres  in  height,  affords 
a  most  excellent  substitute  for  the  Berzelius  lamp.    If  the  flame  is 
made  to  burn  very  low,  it  will  often  occur  that  it  "  blows  down  ;  "  in 
other  words,  that  instead  of  the  mixture  of  gas  and  an-  burning  at  the 
mouth  of  the  tube  e  /,  the  gas  takes  fire  on  issuing  from  the  slit,  and 
burns  below  in  the  tube.    This  defect  may  be  obviated  by  modifying 
the  lamp  as  shown  in  fig.  22  (p.  22),  in  which  the  admission  of  air 
below  can  be  regulated ;  or  in  the  simple  form  of  burner  just  described, 
by  covering  the  tube  e/at  the  top  with  a  little  wire-gauze  cap.  Flasks, 
(fee,  which  it  is  intended  to  heat  over  the  gas-lamp,  are  most  conveniently 
supported  on  a  wire-gauze  plate.    We  give  this 
name  to  a  square  piece  of  thin  iron  plate  to 
which  a  piece  of  wire  gauze  of  equal  size  is 
riveted,  as  shown  in  fig.  19.    A  thin  ii-on  plate, 
or  a  square  of  asbestos  millboard,  or  a  plain 
square  piece  of  wire  gauze  can  also  be  used,  but 
the  latter  rapidly  burns  through  in  the  middle, 
and  beakers  or  flasks  are  more  liable  to  crack. 
If  it  is  wished  to  use  the  gas-lamp  for  blowpipe 
operations,  the  tube  g  h  must  be  inserted  into 
ef;  this  tube  terminates  in  a  flattened  top  slant- 
ing at  an  angle  of  68°  to  the  axis,  and  having  an 
opening  in  it  1  cm.  long,  and  1^  to  2  mm.  wide.    The  insertion  of  g  h 
into  e  f  serves  to  close  up  the  air-holes  in  the  box,  and  gas  unmixed 
with  air,  and  burning  with  a  luminous  flame,  issues  from  the  top  of 
the  tube.    Fig.  18  shows  the  Bunsen  burner,  fixed  in  the  fork  of  an 
iron  stand ;  this  allows  the  lamp  to  be  moved  backwards  or  forwards 
along  the  prongs  of  the  fork,  and'up  and  down  the  pillar  of  the  stand. 
The  moveable  ring  on  the  same  pillar  serves  to  support  the  objects  to  be 
heated.    The  six  radii  round  the  tube  of  the  lamp  support  an  iron-plato 
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chimney  (see  fig.  23),  or  a  porcelain  plate  used  in  quantitative 
analyses. 

To  lieat  crucibles  to  the  brightest  red  heat,  or  to  a  white  heat,  the 

bellows  blowpipe  is  used,  but  even  with- 
out this  the  heating  action  of  the  gas-lamp 
may  be  considerably  increased  by  surround- 
ing the  crucible  with  a  small  clay  furnace, 
as  recommended  by  0.  L.  Erdmann,  Fig. 
20  shows  the  simple  contrivance  by  which 
this  is  effected.  The  furnaces  are  115  mm. 
high,  and  measure  70  mm.  diameter  in  the 
clear.  The  thickness  of  material  is  8  mm. 
If  the  ordinary  Bunsen  burner  is  not  suffi- 
ciently strong  for  any  purpose,  the  triple 
Bunsen  (fig.  21)  may  be  used. 

Bu.nsen  has  devised  an  improved  form 
of  his  lamp*  in  which  the  flame  is  a  more 
complete  substitute  for  the  blowpipe  flame,  for  reducing,  oxidizing, 
fusing,  and  volatilizing,  and  for  the  observation  of  the  coloration  of 
flame  (§  17).  This  improved  form  of  lamp  is  shown  in  fig.  22,  a  is  a 
sheath,  which  can  be  turned  round  for  regulating  the  flow  of  air. 


Fig.  20. 


Fig.  21. 


Fig.  22. 


Fig.  23. 


When  in  use,  the  conical  chimney  cl  d  d  d  (fig.  23)  is  placed  on  e  e  ;  it 
is  of  such  dimensions  that  the  flame  may  burn  tranquilly.     Fig.  28 

*  Ann.  Chem.  Pharm.,  Ill,  257  and  138,  257.   Also  Zeit.  anal.  Ohem.,  5,  351. 
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shows  the  flame  hcalf  its  natural  size.  In  this,  three  zones  can  be  dis- 
tinf'uished,  namely,'l.  aa«'a'  the  dark  cone,  which  contains  the  cold 
gas^mixed  with  about  62  per  cent,  of  air,  2.  a'  ca'h  the  mantle  formed 
by  the  burning  mixture  of  gas  and  air,  3.  a  5  a  the  luminous  tip  of  the 
dai'k  cone,  which  does  not  appear  unless  the  air-holes  are  somewhat 
closed.    The  latter  is  useful  for  reductions. 

Such  are  the  three  principal  parts  of  this  flame,  but  Bunsen  distin- 
guishes no  less  than  six  parts,  which  he  names  as  follows  : 

1.  The  base  at  a,  which  has  a  relatively  low  temperature,  because 
the  burning  gas  is  here  cooled  by  the  constant  current  of  fresh  air,  and 
also  because  the  lamp  itself  conducts  the  heat  away.  This  part  of  the 
flame  serves  for  discovering  the  colours  produced  by  readily  volatile 
substances  when  less  volatile  substances  which  colour  the  flame  are  also 
present.  At  the  relatively  low  temperature  of  this  part  of  the  flame, 
the  former  volatilize  alone  instantaneously,  and  the  colour  thereby 
imparted  to  the  flame  is  visible  for  a  moment  unmixed  with  other 
colours. 

2.  The  fusing  zone.  This  lies  at  /3,  at  a  distance  from  the  bottom 
of  somewhat  more  than  one-third  of  the  height  of  the  flame,  equidistant 
from  the  outside  and  the  inside  of  the  mantle,  which  is  broadest  at  this 
part.  This  is  the  hottest  part  of  the  flame — namely,  about  2300°,  and 
it  therefore  serves  for  testing  substances  as  to  their  fusibility,  volatility, 
emission  of  light,  and  for  all  processes  of  fusion  at  a  high  temperature. 

3.  The  lower  oxidizing  zone  lies  in  the  outer  border  of  the 
fusing  zone  at  y,  and  is  especially  suitable  for  the  oxidation  of  oxides 
dissolved  in  vitreous  fluxes. 

4.  The  upper  oxidizing  flame  at  e  consists  of  the  non-luminous 
tip  of  the  flame.  Its  action  is  strongest  when  the  air-holes  of  the  lamp 
are  fully  open.  It  is  used  for  the  roasting  away  of  volatile  products  of 
oxidation,  and  generally  for  all  processes  of  oxidation  where  the  very 
highest  temperature  is  not  required. 

5.  The  lower  reducing  zone  lies  at  8  in  the  inner  border  of  the 
fusing  zone  next  to  the  dark  cone.  As  the  reducing  gases  are  here 
mixed  with  oxygen,  they  do  not  possess  their  full  power,  and,  therefore, 
are  without  action  on  many  substances  which  are  deoxidized  in  the 
upper  reducing  flame.  This  part  of  the  flame  is  especially  suited  for 
reduction  on  charcoal  or  in  vitreous  fluxes. 

6.  The  upper  reducing  flame  lies  at  -q  in  the  luminous  tip  of 
the  dark  inner  cone,  which,  as  already  explained,  may  be  produced 
by  diminishing  the  supply  of  air.  This  part  of  the  flame  must  not  be 
allowed  to  get  large  enough  to  blacken  a  test-tube  filled  with  water  and 
held  in  it.  It  contains  no  free  oxygen,  is  rich  in  separated  incandescent 
carbon,  and  therefore  has  a  much  stronger  action  than  the  lower 
reducing  zone.  It  is  used  more  particularly  for  the  reduction  of  metals 
collected  in  the  form  of  incrustations. 

With  the  help  of  a  gas  flame  of  this  description,  we  can  obtain  as 
high  a  temperature  as  with  the  blowpipe,  and  even  higher  if  the 
radiating  surface  of  the  substance  is  made  as  small  as  possible ;  and  by 
the  use  of  the  different  parts  of  the  flame,  processes  of  reduction  and  of 
oxidation  may  be  carried  out  with  the  greatest  convenience. 

In  order  to  study  the  behaviour  of  substances  at  a  high  tem'perature, 
namely,  their  emission  of  light,  fusibility,  volatility  and  power  of 
colouring  flame,'  they  are  introduced  into  the  flame  iu  the  loop  of  a 
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platinum  wire,  which  should  be  barely  thicker  than  a  horse  hair,  Should 
the  substance  attack  platinum,  a  little  bundle  of  asbestos  is  used,  which 
should  be  about  one-fourth  the  thickness  of  a  match.  Decrepitating 
substances  are  first  very  finely  powdered,  then  placed  on  a  strip  of 
moistened  filter-paper  about  a  square  centimetre  in  surface,  and  this  is 
cautiously  burnt  between  two  rings  of  fine  platinum  wire.  The  sub- 
stance now  presents  the  appearance  of  a  coherent  crust,  and  may  be  held 
in  the  flame  without  difliculty.    For  testing  liquids  to  see  whether  they 

contain  a  substance  which  colours  flame, 
the  round  loop  of  the  fine  platinum  wire 
is  flattened  on  an  anvil  to  the  form  of  a 
small  ring.  This  is  dipped  into  the  liquid, 
and  then  withdrawn,  when  a  drop  will  be 
found  attached  to  the  ring.  This  drop  Is 
held  near  the  flame  and  allowed  to  evapo- 
rate without  boiling,  after  which  the  resi- 
due may  be  conveniently  tested. 

If  a  substance  is  to  be  exposed  for  a 
considerable  time  to  the  action  _ 
of  the  flame,  the  stand,  fig.  24, 
is  used.  A  and  B  are  provided 
with  springs,  and  can  be  easily 
moved  up  and  down.  On  A  is 
the  arm  a  intended  for  the  sup- 
port of  the  platinum  wire  &xed 
in  a  glass  tube,  fig.  25 ;  also  \] 
another  little  arrangement  to 
hold  the  glass  tube  b  with  its 
bundle  of  asbestos  fibres  d.  B 
bears  a  clip  for  the  reception  of 
a  test-tube,  which  in  certain 
cases  has  to  be  heated  for  a  con- 
siderable time  in  a  definite  part 
of  the  flame.  G  serves  to  hold 
the  various  platinum  wires  flxed  in  glass 
tubes,  and  is  capable  of  revolving  on  its 
axis. 

Experiments    on    Reduction.  — 

These  are  performed  either  by  heating  the 
substance  with  a  suitable  reducing  agent 
in  a  small  glass  tube,  or  with  the  aid  of  a 
little  stick  of  charcoal.  In  order  to  pre- 
pare  the  latter,  Bunsen  recommends  that 
■  an  ordinary  wooden  match  from  which  the 

head  has  been  removed  should  be  smeared  for  three-fourths  of  its  length 
with  the  wet  mass  produced  by  warming  an  unefiloresced  crystal  of  car- 
bonate of  soda  near  the  flame.  If  the  match  is  then  slowly  rotated  on 
its  axis  in  the  flame,  a  crust  of  solid  carbonate  of  soda  will  be  formed  on 
the  wood  as  it  is  carbonized,  and  on  heating  it  in  the  fusing  zone  of 
the  flame,  this  crust  will  be  melted  and  absorbed  by  the  charcoal.  The 
little  stick  of  charcoal  will  now  in  a  measure  be  protected  from  combus- 
tion. The  substance  to  be  tested  is  made  into  a  paste  with  a  drop  of 
molted  crystallized  carbonate  of  soda,  and  a  mass  about  the  size  of  a 


Fig.  25. 
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millet-seed  is  taken  up  on  the  point  of  the  carbonized  match,  it  is  then 
first  melted  in  the  lower  oxidizing  flame,  and  afterwards  moved  through 
a  portion  of  the  dark  cone  into  the  opposite  hottest  part  of  the  lower 
reducing  zone.  The  reduction  will  be  rendered  evident  by  the  effer- 
vescence of  the  carbonate  of  soda.  After  a  few  moments  the  action  is 
stopped  by  allowing  the  substance  to  cool  in  the  dark  cone  of  the  flame. 
If,  finally,  the  point  of  the  carbonized  match  is  cut  off  and  triturated 
with  a  few  drops  of  water  in  a  small  agate  mortar,  the  reduced  metal 
will  be  obtained  in  the  form  of  sparkling  fragments  which  may  be 
purified  by  elutriation,  and  if  necessary  more  minutely  examined. 

Incrustations. — Volatile  elements  which  are  reducible  by  hydrogen 
and  carbon  may  be  separated  as  such  or  as  oxides  from  their  combina- 
tions, and  deposited  on  porcelain.  These  deposits  are  called  incrusta- 
tions, they  are  thicker  in  the  middle,  and  become  thin  towards  the 
edges.  They  may  be  converted  into  iodides,  sulphides,  and  other  com- 
binations, and  may  thus  be  further  identified.  These  reactions  are  so 
deHcate  that  in  many  cases  a  quantity  of  from  -^q  to  1  mgrm.  is  sufficient 
to  exhibit  them. 

The  metallic  incrustation  is  obtained  by  holding  in  one  hand 
a  small  portion  of  the  substance  on  asbestos  in  the  upper  reducing 
flame,  and  in  the  other  hand  a  glazed  porcelain  dish,  from  1  to  1*2  deci- 
metres in  diameter,  filled  with  water,  close  over  the  asbestos  in  the 
upper  reducing  flame.  The  metals  separate  as  sooty  or  mirror-like 
incrustations. 

If  the  substance  is  held  as  just  directed,  and  the  porcelain  dish  is 
held  in  the  upper  oxidizing  flame,  an  incrustation  of  oxide  is  obtained. 
In  order  to  be  sure  of  getting  it,  the  flame  must  be  comparatively  small 
if  the  portion  of  substance  is  minute.  To  turn  the  incrustation  of  oxide 
into  an  incrustation  of  iodide,  let  the  dish  covered  with  the  oxide 
cool,  breathe  on  it,  and  place  it  on  the  wide-mouth  bottle,  fig.  26.  This 


Fig.  26. 


bottle  contains  iodide  of  phosphorus,  which  has  been  allowed  to  deli- 
quesce and  become  converted  into  fuming  hydriodic  acid  and  phos- 
phorus acid,  it  should  have  an  air-tight  glass  stopper.  If  the  hydriodic 
acid  has  become  so  moist  that  it  has  ceased  to  fume  it  may  be  restored 
to  its  proper  condition  by  the  addition  of  anhydrous  phosphoric  acid. 
To  turn  the  incrustation  of  iodide  into  an  incrustation  of  sulphide 
direct  a  current  of  air  containing  sulphide  of  ammonium  upon  it, 
breathing  upon  the  dish  occasionally,  then  drive  off  the  excess  of  sul- 
phide of  ammonium  by  gentle  warming. 

If  a  larger  quantity  of  the  metallic  incrustation  is  required  for 
further  experiments,  the  porcelain  dish  is  replaced  by  a  test-tube  half 
filled  with  water  {!),  fig.  24),  in  which  a  few  pieces  of  marble  should  be 
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placed  to  prevent  bumping  when  the  water  is  subsequently  boiled.  In 
this  case,  the  asbestos  d,  with  the  substance  on  it,  is  fixed  on  a  level 
with  the  middle  of  the  upper  reducing  flame,  the  test-tube  is  fixed 
with  its  bottom  just  over  the  asbestos  as  shown  in  the  figure,  and  then 
the  lamp  is  moved  just  under  the  test-tube.  In  this  way,  the  substance 
comes  within  the  reducing  flame  and  the  metallic  incrustation  is  formed 
on  the  bottom  of  the  test-tube.  By  renewing  the  substance,  the  incrusta- 
tion may  be  obtained  of  any  thickness  desired. 

§  17. 

16.  Coloured  Flames  and  Spectrum  Analysis. 

Many  substances  have  the  property  of  colouring  a  colourless  flame 
in  a  very  remarkable  manner.  As  most  of  these  substances  impart  a 
different  and  distinct,  and  accordingly  characteristic,  tint  to  the  flame, 
the  observation  of  this  coloured  flame  affords  an  excellent,  easy,  and 
safe  means  of  detecting  many  of  them;  for  instance,  salts  of  soda 
impart  to  flame  a  yellow,  salts  of  potassa  a  violet,  salts  of  lithia  a 

carmine  tint,  and  they  may  thus 
be  easily  distinguished  from  each 
(J  other. 

The  Bunsen  burner,  with  chim- 
ney, described  on  j).  22,  and  shown 
in  fig.  22,  is  particularly  well 
adapted  for  observations  of  the 
kind.  The  substances  to  be  ex- 
amined are  put  on  the  small  loop 
of  a  fine  platinum  wire,  and  thus, 
by  means  of  the  holder  shown  in 
fig.  24,  or  the  more  simple  one, 
fig.  27,  placed  in  the  fusing  zone 
of  the  Bunsen  flame.  A  particu- 
larly striking  coloration  is  im- 
parted to  the  flame  by  the  salts 
of  the  alkalies  and  alkaline  earths. 
If  different  salts  of  one  and  the 
same  base  are  compared  in  this 
way,  it  is  found  that  every  one  of 
them,  if  volatile  at  a  high  tempe- 
rature, or  at  least  if  the  base 
volatilizes,  imparts  the  same  colour 
to  the  flame,  only  with  different 
degrees  of  intensity,  the  most 
volatile  of  the  salts  producing  the 
most  intense  coloration;  thus,  for 
instance,  chloride  of  potassium 
gives  a  more  intense  coloration 
than  carbonate  of  potassa,  and  this 
again  a  more  intense  one  than  silicate  of  potassa.  In  the  case  of  com- 
pounds which  volatilize  with  difficulty,  the  coloration  of  the  flame  may 
often  be  brought  about,  or  made  more  apparent,  by  adding  some  other 
substance  which  has  the  power  of  decomposing  the  compound  under 
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examination.  Thus,  for  instance,  in  silicates  containing  only  a  small 
percentage  of  potassa,  the  latter  cannot  be  directly  detected  by  the  colour 
imparted  to  the  flame  ;  but  the  base  may  be  detected  by  adding  a  little 
pure  gypsum,  as  this  will  cause  the  formation  of  silicate  of  lime  and 
sulphate  of  potassa,  a  salt  which  is  sufficiently  volatile. 

But  however  decisive  a  test  the  mere  coloration  of  the  flame  affords 
for  the  detection  of  certain  metals  if  present  alone  in  a  compound  and 
unmixed  with  others,  it  becomes  apparently  useless  in  the_  case  of 
mixtures  of  the  compounds  of  several  metals.  Thus,  for  instance, 
mixtures  of  salts  of  potassa  and  soda  show  only  the  soda  flame,  mixtures 
of  salts  of  baryta  and  strontia  only  the  baryta  flame,  &c.  This  defect 
may  be  remedied,  however,  in  two  ways,  with  the  greatest  success. 

The  first  method  introduced  by  Cartmell,*  and  perfected  afterwards 
by  Bunsen  t  and  by  Merz,J  consists  in  looking  at  the  coloured  flame, 
through  some  coloured  medium  (coloured  glasses,  indigo  solution,  &c.). 
"Such  coloured  media,  by  absorbing  the  flame  coloration  produced  by  the 
one  metal,  bring  out  that  of  the  other  metal  mixed  with  it.  For 
instance,  if  a  mixture  of  a  salt  of  potassa  and  a  salt  of  soda  is  exposed  to 
the  flame,  the  latter  will  only  show  the  yellow  soda  coloration ;  but  if 
the  flame  be  now  looked  at  through  a  deep-blue  cobalt  glass,  or  through 
solution  of  indigo,  the  yellow  soda  coloration  will  disappear,  and  will 
be  replaced  by  the  violet  tint  of  potassa.  A  simple  apparatus  suffices 
for  observations  and  experiments  of  this  kind ;  all  that  is  required  for 
the  purpose  being, — 

1.  A  hollow  prism  (fig.  28)  made  of  plate  glass,  the  chief  section  of 
which  forms  a  triangle  with  two  sides  of  150  mm.,  and  one  side  of 


Fig.  28. 

35  mm.  length.  The  indigo  solution  required  to  fill  this  prism  is  pre- 
pared by  dissolving  1  part  of  indigo  in  8  parts  of  fuming  sulphuric  acid, 
adding  to  the  solution  1500-2000  parts  of  water,  and  filtering.  When 
using  this  apparatus,  the  prism  is  moved  in  a  horizontal  direction  close 
to  the  eye,  in  such  a  way  that  the  rays  from  the  flame  pass  through 
successively  thicker  and  thicker  layers  of  the  absoi-bent  medium  before 
entering  the  eye. 

Cornwall  §  considers  that  a  solution  of  permanganate  of  potassa 
is  preferable  to  the  indigo  solution,  as  it  absorbs  the  coloured  rays 
emitted  by  the  flame  when  sodium,  lithium,  and  calcium  are  present, 
but  not  those  due  to  potassium ;  the  latter  can  therefore  be  readily 
detected  in  presence  of  the  others.  He  recommends  a  hollow  prism  of 
240  mm.  in  length  and  30  mm.  wide  ;  the  solution  of  permanganate 
of  potassa  should  be  of  such  a  strength  that  a  layer  of  45  mm.  in 
thickness  completely  extinguishes  the  light  from  the  strongest  sodium 
or  lithium  flame. 


*  Phil.  Mag.,  16,  .382.  f  Ann.  Chem.  Pharm.,  Ill,  257. 

J  Jour.  pr.  Chem.,  80,  487.    §  Amer.  Chemist,  2,  384,  andZeit.  aual.  Ghem.,  11,  307. 
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2.  A  blue,  a  violet,  a  red,  and  a  green  glass.  The  blue  glass  is 
tinted  with  protoxide  of  cobalt;  the  violet  glass  with  sesquioxide  of 
manganese ;  the  red  glass  (partly  coloured,  partly  uncoloured)  with  sub- 
oxide of  copper ;  and  the  green  glass  with  sesquioxide  of  iron  and  prot- 
oxide of  copper.  The  common  coloured  glass  will  generally  be  found 
to  answer  the  purpose.  Full  information  as  to  the  tints  imparted  to 
the  flame  by  different  substances,  when  viewed  through  the  aforesaid 
media,  and  the  combinations  by  which  these  substances  are  severally 
identified,  will  be  found  in  Section  III.,  in  the  paragraphs  treating  of 
the  several  bases  and  acids. 

Spectrum  Analysis. — The  second  method,  which  is  called  Spec- 
trum Analysis,  was  introduced  by  Kirchhoff"  and  Bunsen.  It 
consists  in  allowing  the  rays  of  the  coloured  flame  to  pass  first  through 
a  narrow  slit,  and  then  through  a  prism,  observing  the  refracted  rays 
through  a  telescope.  A  distinct  spectrum  is  thus  obtained  for  every 
flame-colouring  metal ;  this  spectrum  consists  either,  as  in  the  case  of 
baryta,  of  a  number  of  coloured  lines  lying  side  by  side ;  or,  as  in  the 
case  of  lithia,  of  two  separate,  differently  coloured  lines ;  or,  as  in  the 


Fig.  29  a. 

case  of  thallium,  of  a  single  green  line.  These  spectra  are  character- 
istic in  a  double  sense,  for  the  spectrum  lines  not  only  have  a  distinct 
colour,  but  they  also  occupy  a  fixed  position. 

It  is  this  latter  circumstance  which  enables  us  to  identify  every 
individual  metal  without  difficulty,  in  the  s]pectrum  observations  of 
mixtures  of  flame-colouring  metals;  for  instance,  a  flame  in  which  a 
mixture  of  potassa,  soda,  and  lithia  salts  is  evaporated,  will  give,  side 
by  side,  the  spectra  of  the  sevei'al  metals  in  the  most  perfect  purity. 

Kirchhoff"  and  Bunsen  have  constructed  two  kinds  of  apparatus, 
which  are  both  of  them  suited  for  spectrum  observation,  and  enable  the 
operator  to  determine  by  measure  the  positions  in  which  the  spectrum 
lines  make  their  appearance.     Both  are  constructed  on  the  same 


SPECTRUM  ANALYSIS. 


29 


principle.  A  description,  with  illustration,  of  the  larger  of  the  two, 
which  is  also  the  more  perfect,  has  been  pubHshed  in  Poggendorfs 
Annalen,  113,  374,  and  in  the  Zeitschrift  fur  analytische  Chemie,  1862, 
49.  The  smaller,  more  simple,  and  less  costly  apparatus  suffices  for  all 
common  purposes,  and  is  used  most  in  chemical  laboratories.    It  is 

shown  in  fig.  29  a.  _         .,,    .  , 

A  is  an  iron  disk,  in  the  centre  of  which  a  prism,  with  circular  re- 
fracting faces  of  about  25  mm.  diameter,  is  fastened  by  a  metal  strap, 
which  presses  upon  the  upper  face  of  the  prism,  and  is  secured  below  to 
the  iron  plate  by  a  screw.  The  three  tubes,  £,  C,  and  D,  are  also  firmly 
fastened  to  the  same  disk.  Each  of  these  tubes  is  soldered  to  a,  metal 
block,  of  which  fig.  29  6  gives  an  enlarged  representation.  This  block 
contains  the  nuts  for  two  screws,  which  pass  through  wider  openings  in 
the  iron  plate,  and  are  firmly  secured  beneath  when  the  tube  has  been 
adjusted  in  the  proper  position.  B  is  the  observation  telescope  ;  it  has 
a  magnifying  power  of  about  6,  with  an  object-glass  of  20mm.  diameter. 
The  tube"  0  is  closed  at  one  end  by  a  tin-foil  disk,  into  which  the  per- 
pendicular slit  is  cut  through  which  the  light  is  admitted.*  The  tube 
J)  carries  a  photographic  copy  of  a  millimetre  scale,  produced  in  the 
camera  obscura  on  a  glass  plate  of  about  one-fifteenth  the  original 
dimensions.  This  scale  is  covered  with  tin-foil,  with  the  exception  of 
the  narrow  strip  upon  which  the  divisional  lines  and  the  numbers  are 
engraved.    It  is  lighted  by  a  gas-  or  candle- flame  placed  close  behind  it. 

The  axes  of  the  tubes  B  and  Z>  are  directed,  at  the  same  inclination, 
to  the  centre  of  one  face  of  the  prism,  whilst  the  axis  of  the  tube  G  is 
directed  to  the  centre  of  the  other  face.  This  arrangement  makes  the 
spectrum  j)roduced  by  the  refraction  of  the  coloured  hght  passing  through 
0,  and  the  image  of  the  scale  in  I)  produced  by  total  reflection  appear 
superimposed,  so  that  the  positions  occupied  by  the  lines  of  the  spectrum 
may  be  read  off  on  the  scale.  The  prism  is  placed  at  the  angle  of 
minimum  deviation  of  the  rays  of  the  sodium  line ;  and  the  telescope 
is  set  in  the  direction  in  which  the  red  and  the  violet  potassium  lines 
are  about  equidistant  from  the  middle  of  the  field  of  view. 

The  colourless  flame  into  which  the  flame-colouring  substances 
are  to  be  introduced,  is  placed  10  cm.  from  the  slit.  The  Bunsen 
lamp,  shown  in  fig.  22,  gives  the  best  flame;  it  is  adjusted  so  as  to 
place  the  upper  border  of  the  chimney  about  20  mm.  below  the  lower 
end  of  the  slit.  When  the  lamp  has  been  lighted,  and  a  bead  of  sub- 
stance— say  of  sulphate  of  potassa — introduced  into  the  fusing  zone  by 
means  of  the  holder  shown  in  fig.  27,  the  iron  disk  of  the  spectrum 
apparatus,  which,  with  all  it  carries,  is  moveable  round  its  vertical  axis, 
is  turned  until  the  point  is  reached  where  the  luminosity  of  the  spec- 
trum is  the  most  intense. 

To  cut  off  foreign  light  in  all  spectrum  observations,  the  centre  part 
of  the  apparatus  should  be  covered  with  a  black  cloth  or  a  cardboard  box. 

When  sunhglit  is  reflected  through  the  slit  of  the  spectroscope,  a 
continuous  rainbow-coloured  spectrum  is  formed,  in  which  a  number  of 
dark  lines  may  be  observed  (see  No.  1  on  the  plate  of  spectra).  Each 
of  these  dark  lines — the  Fraunhofer  lines — occupies  a  perfectly 
definite  position,  and  therefore  affords  the  means  of  accurately  deter- 
mining the  relative  positions  of  other  lines.    They  are  caused  by  the 

*  This  arrangement  is  not  very  strong.  For  laboratories,  a  more  solid  material 
such  as  brass  knife  edges  is  much  better  than  tin-foil. 
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rays  from  the  radiant  solids  or  fluids  in  the  sun,  which  themselves  yield 
a  continuous  spectrum,  having  to  pass  through  the  solar  atmosphere  ; 
the_  elements  in  the  latter  absorb,  from  the  white  light  passing  through 
their  vapours,  rays  of  the  same  refrangibility  as  they  themselves  emit. 

If  the  reflected  sunlight  (or  indeed  artificial  lamplight)  is  passed 
through  liquids  before  entering  the  spectroscope,  the  light  is  either 
unaffected  or  is  partially  absorbed.  In  the  latter  case,  dark  stripes  and 
bands  appear  in  the  spectrum,  and  as  these  dark  portions  are  due  to  the 
extinction  of  rays  of  known  refrangibility,  they  occupy  definite  positions 
in  the  spectrum,  and  may  thus  serve  to  indicate  the  presence  of  many 
substances.  For  the  observation  of  absorption  spectra  of  this 
nature,  the  liquids  to  be  examined  are  placed  in  colourless  glass  cells 
having  perpendicular  and  parallel  sides. 

Besides  the  spectroscopes  constructed  by  Bunsen  and  Kirchhoff, 
many  others  have  been  suggested  and  employed,*  and  among  these  the 
universal  spectroscopic  apparatus  of  H.  W,  Yogelf  maybe  joarticu- 
larly  mentioned,  and  also  that  of  C.  H.  Wolff,J  with  which  both  liam& 
and  absorption  spectra  can  be  very  conveniently  observed. 

The_  spectra  produced  by  the  alkalies,  the  alkaline  earths,  thallium 
and  indium  are  shown  in  the  coloured  plate  at  the  commencement  of 
the  book.  The  solar  spectrum  has  been  added  to  serve  as  a  guide  to 
the  position  and  bearings  of  the  lines.  The  spectra  are  represented  as 
they  appear  in  the  apparatus  furnished  with  an  astronomical  telescope; 
In  the  Third  Section,  in  the  chapters  treating  of  the  several  substances, 
attention  will  be  called  to  the  lines  most  characteristic  of  each  metal, 
but  the  method  by  which  the  highest  degree  of  certainty  is  imparted  to- 
spectrum  analysis  may  be  mentioned  here.  This  consists  in  exposing- 
the  beads  of  the  pure  and  unmixed  metallic  compounds  to  the  flamej. 
and  marking  on  copied  scales  the  position  which  the  most  striking- 
spectrum  lines  occupy  on  the  scale  of  the  apparatus,  in  the  manner 
shown,  by  way  of  illustration,  in  'No.  2  of  the  plate,  with  regard  to  the 
strontium  spectrum.  It  is  self-evident  that  the  spectrum'  of  an  unknown 
substance  can  only  pass  for  the  strontium  spectrum  if  the  characteristic 
lines  not  only  agree  with  those  of  the  latter  in  point  of  colour,  but 
appear  also  in  exactly  the  same  position  where  they  are  marked  on  the- 
strontium  scale. 

The  drawings  of  such  scales  every  operator  must,  of  course,  make 
for  his  own  apparatus;  and  they  become  useless  for  the  intended  pur- 
pose if  any  alteration  is  made  in  the  position  of  the  prism  or  the  scale. 
It  is  therefore  always  advisable  to  set  the  apparatus  so  that  it  can  be 
easily  readjusted  to  its  original  position,  which  is  most  readily  done  by 
making  the  left  border  of  the  sodium  line  coincide  with  the  mimber  50- 
of  the  scale. 

With  the  introduction  of  spectrum  analysis,  a  new  era  has,  in  many 
respects,  begun  for  chemical  analysis,  for  by  no  other  method  can  such 
minxite  quantities  of  substances  be  detected.  Spectrum  analysis  is 
marked  moreover  by  a  certainty  free  from  all  doubt,  and  gives  results 
in  a  few  seconds,  which  could  formerly  be  obtained  only,  if  at  aU,  after 
hours  or  days  of  labour. 

*  Comp.  Zeit.  anal.  Chem.  2,  64,  190  and  353  ;  3,  443  ;  5,  329 ;  12,  432  ;  13,  48- 
and  442  ;  14,  335  ;  16,  463;  17,  187  ;  19,  72  ;  20,  99. 

t  Ibid.  17,  187.  t  Ibid.  20,  99. 
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APPENDIX  TO   SECTION  I. 

§  18. 
Apparatus. 

As  many  students  of  chemical  analysis  might  find  some  difficulty  in 
the  selection  of  the  proper  apparatus,  a  list  of  the  articles  which  are 
actually  required  for  the  performance  of  simple  experiments  and  inves- 
tigations, is  here  given,  together  with  instructions  to  guide  the  pupil  in 
their  purchase. 

1.  A  Bunsen  burner  with  stand  and  special  tube  for  blowpipes- 
experiments  as  represented  in  §  16,  figs.  17,  18,  and  22. 

"Where  gas  is  not  available,  a  Berzelius  spirit  lamp  (fig.  14,  p.  20),., 
or  a  glass  spirit  lamp  (fig.  16,  p.  20)  may  be  used. 

2.  A  blowpipe  (see  §  15). 

3.  A  platinum  crucible.  A  crucible  should  be  selected  which 
will  contain  about  a  quarter  of  an  ounce  of  water,  with  a  cover  shaped, 
like  a  shallow  dish ;  it  must  not  be  too  deep  in  proportion  to  its  breadth. 

4.  Platinum  foil,  as  smooth  and  clean  as  possible,  and  not  very 
thin  :  length  about  40  mm. ;  width  about  25  mm. 

0.  Platinum  wire  (see  pp.  18  and  24).  Three  stronger  wires  and 
three  finer  wires  are  amply  sufficient.  They  are  kept  most  conveniently 
in  a  glass  filled  with  water,  as  this  will  dissolve  most  of  the  beads  if  left 
in  contact  with  it  for  some  time ;  in  this  way  the  wires  are  always  kept 
clean. 

6.  A  stand  with  twelve  test-tubes — 16  to  18  cm.  is  about  the- 


rig.  30. 


proper  length  of  the  tubes,  from  1  to  2  cm.  the  proper  width.  The 
tubes  must  be  made  of  thin  white  glass,  and  so  well  annealed  that  they 
do  not  crack  when  boiling  water  is  poured  into  them.  The  rim  must 
be  quite  round,  and  slightly  turned  over ;  it  ought  not  to  have  a  lip, 
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as  this  is  useless  and  prevents  the  tube  being  closely  stopped  with  the 
finger,  and  also  interferes  with  shaking  the  contents.  The  stand  shown 
in  fig.  30  will  be  found  most  suitable.  The  pegs  on  the  upper  shelf 
serve  for  the  clean  tubes,  which  may  thus  be  well  drained. 

7.  Several  beakers  and  small  flasks  of  thin,  well  annealed 
glass. 

8.  Several  porcelain  evaporating  dishes,  and  a  variety  of 
small  porcelain  crucibles.  Those  of  Berlin  porcelain  are  unexcep- 
tionable, both  in  shape  and  durability.  Meissen  and  Nymphenburg 
porcelain  will  also  answer  the  purpose. 

9.  Glass  funnels  of  various  sizes.  The  conical  part  must  have 
an  angle  of  60°,  and  must  not  curve  gradually  into  the  neck,  but  be 
joined  to  it  at  a  sharp  angle  (see  fig.  2,  p.  8). 

10.  A  washing  bottle  of  a  capacity  of  from  300  to  400  c.c 
(see  §  7). 

11.  Several  glass  rods  and  glass  tubes.  The  latter  maybe  bent, 
drawn  out,  &c.,  over  a  Berzelius  lamp  or  ordinary  fish-tail  gas-burner ; 
the  former  are  rounded  at  the  ends  by  fusion. 

12.  A  selection  of  watch-glasses. 

13.  A  small  agate  mortar. 

14.  A  pair  of  small  steel  or  brass  pincers,  about  fom'  or  five 
inches  long. 

15.  A  wooden  filter  stand  (see  §  5). 

16.  A  tripod  of  thin  iron,  to  support  the  dishes,  &c.,  when  being 
heated  over  the  spirit  or  gas  lamp. 

17.  A  wire-gauze  plate,  or  a  square  of  wire  gauze  or  asbestos 
millboard, 

18.  A  platinum  triangle. 

19.  The  coloured  glasses  described  in  §  17,  especially  blue  and 
;green. 


SECTION  II. 

REAGENTS. 
§  19. 

A  variety  of  phenomena  may  manifest  themselves  when  sub- 
stances are  decomposed  or  combine.  In  some  cases,  liquids  change 
their  colour,  in  others  precipitates  are  formed  ;  sometimes  efiervescence 
takes  place,  and  sometimes  deflagration,  &c.  ISTow  if  these  phenomena 
are  very  striking,  and  happen  only  when  two  definite  substances  act  on 
one  another,  it  is  obvious  that  the  presence  of  one  of  these  substances 
may  be  detected  by  means  of  the  other  :  if  we  know,  for  instance,  that 
a  white  precipitate  of  certain  definite  properties  is  formed  on  mixing 
baryta  with  sulphuric  acid,  it  is  clear  that,  if  we  obtain  a  precipitate 
exhibiting  these  properties  when  baryta  is  added  to  any  given  solution, 
we  may  conclude  that  the  solution  contains  sulphuric  acid. 
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Those  substances  ■which  indicate  the  presence  of  others  by  any- 
striking  phenomena  are  called  reagents. 

According  to  the  different  objects  attained  by  the  application  of 
these  reagents,  we  distinguish  them  as  general  or  special  reagents. 
General  reagents  are  those  which  serve  to  determine  the  class  or  group 
to  which  a  substance  belongs ;  whilst  special  reagents  are  those  which 
serve  to  detect  individual  substances.  That  the  line  between  the  two 
divisions  cannot  be  drawn  with  any  degree  of  precision,  and  that  one 
and  the  same  substance  is  often  made  to  serve  both  as  a  general  and  as 
a  special  reagent,  cannot  be  considered  a  valid  objection  to  this  classifica- 
tion, which  is  in  fact  simply  intended  to  induce  a  habit  of  employing 
reagents  always  for  a  settled  purpose — viz.,  either  simply  to  find  out 
the  group  to  which  the  substance  belongs,  or  to  determine  the  latter 
individually. 

Now  whilst  the  usefulness  of  general  reagents  depends  principally  on 
their  efficiency  in  strictly  characterizing  groups  of  substances,  and  often 
effecting  a  complete  separation  of  those  belonging  to  one  group  from 
those  belonging  to  another,  that  of  special  reagents  depends  on  their 
being  characteristic  and  sensitive.  We  call  a  reagent  characteristic,  if 
the  alteration  produced  by  it — the  substance  tested  for  being  present- 
is  so  distinctly  marked  as  to  admit  of  no  mistake.  Thus  iron  is  a 
characteristic  reagent  for  copper,  and  protochloride  of  tin  for  mercury, 
because  the  phenomena  produced  by  these  reagents — namely,  the  sepa- 
ration of  metalHc  copper  and  of  globules  of  mercury — admit  of  no 
mistake.  We  call  a  reagent  sensitive  or  delicate,  if  its  action  is  distinctly 
perceptible,  even  though  a  very  minute  quantity  only  of  the  substance 
tested  for  is  present;  such,  for  instance,  is  the  action  of  starch  on 
iodine. 

Very  many  reagents  are  both  characteristic  and  delicate;  for  in- 
stance, terchloride  of  gold  for  protoxide  of  tin ;  ferrocyanide  of  potas- 
sium for  ferric  oxide  and  for  oxide  of  copper,  &c. 

It  need  hardly  be  mentioned  that,  as  a  general  rule,  reagents  must 
be  chemically  pure,  that  is,  they  must  consist  simply  of  their  essential 
constituents,  and  must  be  free  from  any  admixture  of  foreign  substances. 
We  should,  therefore,  make  it  an  invariable  rule  to  test  the  purity  of  our 
reagents  before  we  use  them,  no  matter  whether  they  be  articles  of  our 
own  production  or  have  been  purchased.  Although  the  necessity  of  this  i& 
fully  admitted  on  all  hands,  yet  it  is  too  often  neglected  in  practice ; 
thus  it  is  by  no  means  uncommon  to  see  alumina  entered  among  the 
substances  detected  in  an  analysis,  simply  because  the  solution  of  potassa 
or  soda  used  as  one  of  the  reagents  happened  to  contain  that  earth ;  or 
iron,  because  the  chloride  of  ammonium  used  was  not  free  from  that  metal. 
The  du-ections  given  in  this  section  for  testing  the  purity  of  the  several 
reagents  refer,  of  course,  only  to  the  presence  of  foreign  matter  result- 
ing from  the  mode  of  their  preparation,  and  not  to  mere  accidental 
admixtures. 

One  of  the  most  common  sources  of  error  in  qualitative  analysis 

proceeds  from  missing  the  proper  measure — the  right  quantity  in  the 

application  of  reagents.    Such  terms  as  "  addition  in  excess,"  "  super- 
saturation,"  &c.,  often  induce  novices  to  suppose  that  they  cannot  add 
too  much  of  the  reagent ;  and  thus  some  will  fill  a  test-tube  with  acid 
simply  to  supersaturate  a  few  drops  of  an  alkaline  fluid,  whereas  every 
drop  of  acid  added,  after  the  neutralization  point  has  once  been  reached 
QUAL.  ^  ' 
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must  be  regarded  as  an  excess  of  acid.  On  the  other  hand,  the  addition 
of  an  insufficient  amount  must  also  be  avoided,  since  a  reagent  added  in 
insufficient  quantity  often  produces  phenomena  quite  different  from 
those  which  will  appear  if  the  same  reagent  is  in  excess :  for  example, 
a  solution  of  chloride  of  mercury  yields  a  white  precipitate  if  tested 
with  a  small  quantity  of  sulphuretted  hydrogen;  but  if  treated  with 
the  same  reagent  in  excess,  the  precipitate  is  black.  Experience  has, 
however,  proved  that  the  most  common  mistake  beginners  make,  is  to 
add  the  reagents  too  copiously.  One  reason  why  this  over-addition 
must  impair  the  accuracy  of  the  results  is  obvious ;  we  need  simply  bear 
in  mind  that  the  changes  effected  by  reagents  are  perceptible  within 
certain  limits  only,  and  that  therefore  they  may  be  the  more  readily 
overlooked  the  nearer  we  approach  these  limits  by  diluting  the  fluid. 
Another  reason  Hes  in  the  fact  that  a  large  excess  of  a  reagent  will  often 
have  a  solvent  or  modifying  action  on  a  precipitate  or  colour,  and  will 
entirely  prevent  the  exhibition  of  phenomena  which  a  suitable  quantity 
would  produce  without  difficulty. 

Although  no  special  or  definite  rule  can  be  given  for  avoiding  this 
source  of  error,  a  general  rule  may  be  laid  down,  which  will  be  found 
to  answer  the  purpose,  if  not  in  all,  at  least  in  the  great  majority  of 
cases.  It  is  simply  this  :  let  the  student  always  consider,  before  adding 
the  I'eagent,  for  what  purpose  he  applies  it,  what  are  the  phenomena 
he  intends  to  produce,  and  what  will  be  the  result  if  it  is  added  in 
excess. 

Reagents  ai-e  divided  into  two  classes,  according  as  to  whether  the 
liquid  state,  which  is  indispensable  for  the  manifestation  of  the  action 
of  reagents  on  the  various  bodies,  is  brought  about  by  the  application 
of  heat,  or  by  means  of  liquid  solvents;  we  have  consequently,  1,  Re- 
agents in  the  wet  way;  and  2,  Reagents  in  the  dry  way. 
For  greater  clearness,  these  two  principal  classes  are  subdivided  as 
follows : — 

A.  EEAG-ENTS   IN   THE  WET  WAY. 

I.  Simple  Solvents. 

11.  Acids  and  Halogens. 
a.  Oxygen  acids. 

h.  Hydrogen  acids  and  halogens, 
c.  Sulphur  acids. 

TIL  Bases  and  Metals. 

a.  Oxygen  bases. 
h.  Sulphur  bases. 

IV.  Salts. 

a.  Of  the  alkalies. 

h.  Of  the  alkaline  earths. 

c.  Of  the  oxides  of  the  heavy  metals. 


V.  Colouring  Matters  and  indifferent  Vegetable 
Substances.  .  . 
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B.  EEAGENTS  IN   THE   DRY  WAY. 
I.  Eluxes. 
II.  Blowpipe  Eeagents. 

The  more  important  reagents  and  those  in  general  use  are  described 
in  the  following  sections ;  special  reagents  employed  in  isolated  cases 
will  be  noticed  when  their  use  is  considered. 


A.  REAGENTS   IN  THE   WET  WAY. 

I. — Simple  Solvents. 

Simple  solvents  are  liquids  which  do  not  enter  into  chemical  combi- 
nation with  the  substances  dissolved  in  them;  they  will  accordingly 
dissolve  any  quantity  of  matter  up  to  a  certain  limit,  which  is  called 
the  point  of  saturation,  and  is  in  a  measure  dependent  on  the  tempera- 
ture of  the  solvent.  The  essential  and  characteristic  properties  of  the 
dissolved  substances  (taste,  reaction,  colour,  &c.)  are  not  destroyed  by 
the  solvent.    (See  §  2.)  J  J 

§  20. 

Water,  HO  [H^O]. 

Preparation. — Pure  water  is  obtained  by  distilling  spring  water 
from  a  copper  still  with  a  head  and  worm  of  pure  tin,  or  from  a  glass 
retort,  although  the  latter  is  not  so  good;  about  one-fourth  should  be 
left  in_  the_  retort.  If  the  distilled  water  is  to  be  quite  free  from 
carbomc  acid  and  carbonate  of  ammonia,  the  portions  passing  over  &vst 
must  be  thrown  away.  In  the  larger  chemical  and  in  most  pharma- 
ceutical laboratories,  the  distilled  water  required  is  obtained  from  the 
steam  apparatus  which  serves  for  drying,  heating,  boihng,  &c.  Eain 
water  collected  m  the  open  air  may  in  many  cases  be  substituted  for 
■distilled  water,  * 

res«5.— It  must  be  colourless,  odourless,  and  tasteless,  and  should 
not  leave  the  smallest  residue  when  evaporated  in  a  platinum  vessel. 
It  should  not  be  changed  by  sulphide  of  ammonium  (copper,  lead,  iron) 
nor  rendered  turbid  by  baryta  water  (carbonic  acid).  No  cloudiness 
should  be  produced  even  after  long  standing  with  addition  of  oxalate  of 
ammoma  (lime),  chloride  of  barium  and  hydrochloric  acid  (sulphuric 
acid),  nitrate  of  silver  and  nitric  acid  (chlorides).  It  should  give  no 
blue  coloration  with  iodide  of  potassium,  starch-paste  and  dilute  sul- 
phuric acid  (nitrous  acid),  and  no  yellow  coloration  with  Nessler  test 
(ammonia). 

Uses.—W^terf  is  used  principally  as  a  simple  solvent  for  a  great 
variety  of  substances;  most  conveniently  from  the  wash-bottle  (seep  9 
fig.  3),  which  affords  a  ready  means  of  applying  the  water  in  a  thicker 
or  thinner  stream  as  desired.    A  special  use  for  it  is  in  the  decom- 
position of  certain  neutral  metaUic  salts  (such  as  terchloride  of  antimony 

Sta\ieK;S  cLrXtl?^  '^'^         -g--  -atter,  see 

t  In  analytical  experiments  distilled  water  only  is  used  ;  whenever  therpfnrP 
the  term  water  occurs  in  the  present  work,  distilled  water  iVmeS  ' 
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[§§  21,  22. 


and  the  salts  of  bismuth)  whereby  they  are  converted  into  soluble  acid 
and  insokible  basic  compounds. 

§  21. 

2.  Alcohol,  GJip*  [0,H„0]. 

Preparation.— Two  sorts  of  alcohol  are  used  in  chemical  analyses, 
namely,  spirit  of  wine  of  0-83  or  0-84  sp.  gr.  =  91  to  88  per  cent,  by 
volume  {spiritus  rectificatus  of  the  British  Pharmacopoeia) ;  and  absolute 
alcohol.  The  latter  may  be  prepared  most  conveniently  by  mixing,  in 
a  distilling  vessel,  1  part  of  fused  chloride  of  calcium  with  2  parts  of 
rectified  spirit  of  wine  of  about  90  per  cent,  by  volume,  digesting  the 
mixture  2  or  3  days,  until  the  chloride  of  calcium  is  dissolved,  and  then 
distilling  slowly  and  in  fractional  portions.  So  long  as  the  distillate 
shows  a  sp.  gr.  below  0-8037  (  =  98  per  cent,  by  volume),  it  may  pass 
for  absolute  alcohol.  The  portions  coming  over  after  that  are  received 
in  a  separate  vessel. 

Tests— Vme  alcohol  should  volatiUze  completely,  and  ought  not  to 
leave  an  odour  of  fusel  oil  when  allowed  to  evaporate  on  the  palm  of 
the  hand ;  neither  should  it  alter  the  colour  of  moist  blue  or  red  litmus 
paper.  When  kindled,  it  must  burn  with  a  faint  bluish  barely  percep- 
tible flame.  i  t.i  • 

C/ses.— Alcohol  is  useful  (a)  for  separating  substances  soluble  in_  it 
from  others  which  do  not  dissolve— chloride  of  strontium  from  chloride 
of  barium  for  example ;  {h)  to  precipitate  from  aqueous  solutions  many 
substances  which  are  insoluble  in  dilute  alcohol,  such  as  gypsum,  malate 
of  lime  ;  (c)  to  produce  various  kinds  of  ether— acetic  ether,  for  example, 
which  is  characterized  by  its  peculiar  and  agreeable  smell ;  (d)  to  reduce, 
mostly  with  the  co-operation  of  an  acid,  certain  peroxides  and  metallic 
acids,  such  as  binoxide  of  lead,  chromic  acid,  &c. ;  (e)  to  detect  certain 
substances  which  impart  a  characteristic^  tint  to  its  flame,  especially 
boric  acid,  strontia,  potassa,  soda,  and  lithia. 


§  22. 

3.  Ether,  C^HpLC^H.oO]. 
4.  Chloroform,  0,HCl3[OHCl3]. 
5.  Bisulphide  of  Carbon,  CSJCS,]. 

These  solvents  find  but  limited  application  in  the  qualitative  analysis 
of  inorganic  substances ;  their  use  indeed  is  confined  almost  entirely  to 
the  detection  and  isolation  of  bromine  and  iodine.  Chloroform  and 
bisulphide  of  carbon  are  preferable  to  ether  in  this  respect.  Ether  is  used 
for  the  detection  of  chromic  acid  by  means  of  peroxide  of  hydrogen. 
As  these  reagents  can  be  made  much  better  on  a  large  than  on  a  small 
scale,  it  is  more  convenient  to  purchase  them  than  to  make  them.^ 

^esis.— Ether  should  be  colourless,  of  sp.  gr.  of  0-720  to  0-/2o  at 
17-5°,  and  require  12  parts  of  water  for  solution.  The  solution  must 
not  alter  the  colour  of  test  papers.    Ether  must,  even  at  the  common 

*  Methylated  spirit  may  be  substituted  for  alcoliol,  in  almost  all  analytical 
operations,  if  it  is  used  as  a  solvent  merely. 
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temperature,  rapidly  and  completely  evaporate  on  a  watch-glass. 
Chloroform  should  be  colourless  and  transparent,  and  have  a  sp.  gr. 
of  1-490  to  1-493  at  15°.  If  agitated  with  twice  its  volume  of  water,  it 
must  not  be  perceptibly  diminished  in  volume;  the  water  must  neither 
have  an  acid  reaction,  nor  should  it  render  a  solution  of  nitrate  of 
silver  turbid.  It  must  even  at  the  ordinary  temperature  evaporate 
readily  and  completely  on  a  watch-glass.  Bisulphide  of  carbon 
should  be  colourless,  readily  and  completely  volatile  even  at  the  ordi- 
nary temperature,  and  not  alter  the  colour  of  carbonate  of  lead,  or 
moistened  blue  Ktmus  paper. 

II. — Acids  and  Halogens. 
§  23. 

The  acids— at  least  those  of  more  strongly  pronounced  character — 
are  soluble  in  water.  The  solutions  taste  acid  and  redden  litmus  paper. 
Acids  may  be  divided  into  oxygen  acids,  sulphur  acids,  and  hydrogen 
acids. 

The  oxygen  acids,  produced  generally  by  the  combination  of  a 
non-metaUic  element  with  oxygen,  combine  with  water  in  definite  pro- 
portions to  form  hydrated  acids.  It  is  these  hydrates  that  are  usually 
employed  in  analytical  processes ;  they  are  contained  in  the  aqueous 
solutions  of  the  acids,  and  are  commonly  designated  by  the  simple  name 
of  the  free  acid,  as  the  addition  of  water  does  not  destroy  their  acid 
properties.  In  the  action  of  hydrated  acids  on  oxides  of  metals,  the 
oxide  takes  the  place  of  the  water  of  hydration,  and  an  oxygen  salt 
is  formed,  H0,S03  +  KO  =  KOjSO^ -f  HO.  Where  these  salts  are 
produced  by  the  combination  of  an  acid  with  a  strong  base,  their 
reaction  (supposing  the  combining  acid  also  to  be  a  strong  acid)  is 
neutral ;  a  salt  formed  with  a  weaker  base,  for  instance,  with  the  oxide 
■of  a  heavy  metal,  generally  has  an  acid  reaction,  but  is  nevertheless 
called  a  neutral  salt  if  the  oxygen  of  the  base  bears  the  same  proportion 
to  that  of  the  acid  as  it  does  in  the  distinctly  neutral  salts  of  the  same 
acid,  or,  in  other  words,  if  it  corresponds  with  the  saturation  capacity 
of  the  acid.  Although  sulphate  of  potassa,  K0,S03,  has  a  neutral 
reaction,  whilst  the  reaction  of  sulphate  of  copper,  CuOjSOj  +  Saq, 
is  acid,  yet  the  latter  is  called  neutral  sulphate  of  copper,  because  the 
oxygen  of  the  oxide  of  copper  is  to  that  of  the  sulphuric  acid  as  1  :  3, 
which  is  the  same  as  the  oxygen  of  the  potassa  and  that  of  the  sulphuric 
acid  in  the  confessedly  neutral  sulphate  of  potassa.  According  to  the 
modern  views  of  chemists  the  acid  anhydrides  are  not  regarded  as  acids, 
the  true  acids  •  being  the  compounds  which  duahstic  chemists  call 
hydrates  of  the  acids ;  the  formation  of  salts  conseqviently  takes  place 
by  the  substitution  of  a  metal  for  the  hydrogen  of  the  acid,  thus : 
HjSO,  +  Zn  =  ZnSO^  +  H^. 

The  hydrogen  acids  are  formed  by  the  combination  of  the 
halogens  with  hydrogen ;  most  of  them  possess  the  characteristic  pro- 
perties of  acids  in  a  high  degree.  They  neutralize  oxygen  bases,  with 
formation  of  haloid  salts  and  water ; 

HCl  +  NaO  =  ISTaCl  +  HO,  3HC1  +  'Fef>^  =  Fe.Cl,  +  3H0 

[2HCI  +  Na20  =  2NaCI  +  H20]  [6HCI  +  FeA=  Fe^CU  +  SH^O]. 

The  haloid  salts  produced  by  the  action  of  powerful  hydrogen  acids  on 
strong  bases  have  a  neutral  reaction ;  whilst  the  solutions  of  the  haloid 
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salts  produced  by  the  action  of  powerful  hydrogen  acids  on  feeble  bases, 
(such  as  alumina  and  sesquioxide  of  iron)  have  an  acid  reaction. 

The  sulphur  acids  are  more  frequently  the  result  of  the  com- 
bination of  metallic  than  of  non-metallic  elements  with  sulphur ;  they 
combine  with  sulphur  bases  to  form  sulphur  salts ; 

AsS,  +  3NaS  =  SmS.AsS,. 
The  sxilphur  acids  are  analogous  to  the  oxygen  acids,  and  the  views  held 
by  duahstic  chemists  and  the  modern  school  as  to  their  constitution 
differ  in  the  same  way  as  already  described  in  respect  of  the  oxygen 
acids.  As  the  sulphur  acids  are  but  feeble  acids,  all  the  soluble  sulphur 
salts  have  an  alkaline  reaction. 

a.  Oxygen  Acids. 
§  24. 

1.  Sulphuric  Acid,  HO,SO,  [H.soj. 
This  is  employed  as — 

a.  Commercial  concentrated  sulphuric  acid  (oil  of 
vitriol). 

6.  Pure  concentrated  sulphuric  acid. 

The  following  method  may  be  recommended  for  preparing  chemically 
pure  sulphuric  acid,  but  it  may  be  observed  that  pure  sulphuric  acid 
can  now  be  so  readily  obtained  from  the  chemical  manufacturer,  that  it 
is  quite  the  exception  for  a  chemist  to  have  to  prepare  it  for  himself 
in  the  laboratory ;  moreover,  to  distil  it  from  a  glass  retort  is  incon- 
venient and  not  without  danger. 

a.  In  order  to  destroy  the  oxides  of  nitrogen  which  are  generally 
present  in  minute  quantity  in  the  commercial  acid,  1000  grams  of  the 
acid  are  placed  in  a  porcelain  dish  with  3  grams  of  sulphate  of  ammonia, 
and  heated  until  copious  fumes  of  sulphuric  acid  begin  to  come  off. 
When  cool,  4  or  5  grams  of  coarsely  powered  binoxide  of  manganese  is- 
added,  and  the  mixture  heated  to  boiling  with  stirring,  in  order  to 
convert  any  arsenious  acid  present  into  arsenic  acid.  (Blondlot.) 
It  is  again  allowed  to  cool,  and  the  clear  liquid  poured  off  from  the 
sediment  into  a  coated  retort,  using  a  long  funnel  tube.  The  retort 
should  not  be  more  than  half  full,  and  is  to  be  heated  directly  over 
charcoal.  To  prevent  bumping,  it  is  advisable  to  rest  the  retort  on  an 
inverted  crucible  cover,  so  that  the  sides  may  be  heated  more  strongly 
than  the  bottom.  The  neck  of  the  retort  must  project  so  far  into  the 
receiver  that  the  acid  distilling  over  drops  directly  into  the  body.  To- 
cool  the  receiver  by  means  of  water  is  unnecessary,  and  even  dangerous. 
To  prevent  the  receiver  coming  into  actual  contact  with  the  hot  neck 
of  the  retort,  some  asbestos  in  large  fibres  is  placed  between  them. 
When  about  10  or  15  grams  has  passed  over,  the  receiver  is  changed, 
and  three-fourths  of  the  contents  of  the  retort  are  then  distilled  over. 
This  method  depends  on  Bussy  and  Buignet's  discovery  that,  if 
the  sulphuric  acid  contains  arsenic  in  the  form  of  arsenic  acid,  no  arsenic 
passes  over  when  it  is  distilled. 

/3.  One  part  of  concentrated  sulphuric  acid  is  poured  into  4  parts  of 
water,  and  a  slow  stream  of  sulphuretted  hydrogen  is  passed  into  the- 
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mixture  for  some  time,  keeping  the  liquid  at  70°.  The  mixture  is 
iillowed  to  remain  for  several  days,  and  the  clear  supernatant  liquid  is 
then  decanted  from  the  precipitate,  which  consists  of  sulphur,  sulphide 
of  lead,  perhaps  also  sulphide  of  arsenic ;  finally  the  clear  liquid  is  heated 
in  a  tubulated  retort  with  the  neck  inclined  obliquely  upwards  and  the 
tubulure  open,  until  sulphuric-acid  fumes  escape  with  the  aqueous 
vapour.  This  purified  acid  is  fit  for  many  purposes  of  chemical  analysis; 
if  it  is  wished,  however,  to  free  it  also  from  non-volatile  substances,  it 
may  be  distilled  from  a  coated  retort  as  in  a.  As  soon  as  the  drops  in 
the  neck  of  the  retort  become  oily,  the  receiver  is  changed,  and  the 
concentrated  acid  which  then  passes  over  is  collected  in  a  separate 
vessel. 

c.  Dilute  sulphuric  acid. — This  is  prepared  by  gradually  add- 
ing 1  part  of  concentrated  sulphuric  acid  to  5  parts  of  water  in  a  leaden 
or  porcelain  dish,  stirring  all  the  while.  The  sulphate  of  lead  which 
separates  is  allowed  to  subside,  and  the  clear  dilute  acid  decanted. 

Tests. — Pure  sulphuric  acid  must  be  colourless ;  and  when  colourless 
solution  of  sulphate  of  protoxide  of  iron  is  poured  upon  it  in  a  test- 
tube,  there  should  be  no  brown  tint  at  the  plane  of  contact  of  the  two 
liquids  (nitric  acid,  hyponitric  acid,  nitrous  acid).  When  diluted  with 
20  parts  of  water,  it  should  not  impart  a  blue  tint  to  a  solution  of 
iodide  of  potassium  mixed  with  starch  paste  (hj^onitric  acid,  nitrous 
acid).  When  diluted  with  water  and  poured  on  to  pure  zinc,  the 
hydrogen  gas  evolved  must  not  deposit  the  slightest  trace  of  arsenic  on 
being  passed  through  a  red-hot  tube.  It  must  leave  no  residue  when 
evaporated  on  platinum,  and  should  remain  perfectly  clear  when  diluted 
with  four  or  five  parts  of  spirit  of  wine  (oxide  of  lead,  ferric  oxide, 
lime).  The  presence  of  small  quantities  of  lead  is  detected  most 
easily  by  adding  some  hydrochloric  acid  to  the  sulphuric  acid  in  a  test- 
tube  ;  if  the  plane  of  contact  is  marked  by  turbidity  (chloride  of  lead), 
lead  is  present.  Sulphiarous  acid  is  discovered  by  the  odour  after  shak- 
ing the  acid  in  a  half -filled  bottle  ;  and  selenious  acid  by  the  separation 
of  a  red  deposit  of  selenium  on  adding  sulphurous  acid  and  hydrochloric 
acid. 

Uses. — For  most  bases  sulphuric  acid  has  a  greater  af&nity  than 
almost  any  other  acid ;  it  is  therefore  used  for  the  Hberation  and  expul- 
sion of  other  acids,  especially  phosphoric,  boric,  hydrochloric,  nitric, 
and  acetic  acids.  Several  substances  which  cannot  exist  in  an  anhydrous 
state  (such  as  oxalic  acid)  are  decomposed  when  brought  into  contact  with 
concentrated  sulphuric  acid ;  this  decomposition  takes  place  owing  to 
the  great  affinity  which  sulphuric  acid  has  for  water.  The  nature  of  the 
decomposed  substance  may  in  such  cases  be  inferred  from  the  liberated 
products  of  decomposition.  Sulphuric  acid  is  also  frequently  used  in 
the  preparation  of  certain  gases,  more  particularly  hydrogen  and  sul- 
phuretted hydrogen.  It  serves  also  as  a  special  reagent  for  the  detec- 
tion and  precipitation  of  baryta,  strontia,  and  lead.  What  kind  of 
sulphuric  acid  is  to  be  used,  whether  the  pure  acid  or  the  ordinary  acid 
of  commerce,  whether  concentrated  or  dilute,  depends  on  circumstances 
which  vary  in  each  individual  case.  The  necessary  directions  on  this 
point  will  be  given  hereafter. 

When  using  ordinary  English  sulphuiic  acid,  it  should  never  be 
forgotten  that  it  is  now  often  strongly  contaminated  with  the  acids  of 
arsenic  derived  from  the  pyrites  used  in  its  manufacture.  Arsenical 
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sulphuric  acid  of  this  kind  cannot  be  employed  for  delicate  analytical 
purposes,  and  is  quite  unfit  for  the  preparation  of  hydrogen,  as  its 
action  on  zinc  in  the  presence  of  water  gives  rise  to  arseniuretted 
hydrogen,  which  contaminates  the  hydrogen. 


§  25. 

2.  Nitric  Acid,  HO,NO,  [HNOJ. 

Pre2Mration.—a.  Nitric  acid  of  commerce  sp.  gr.  at  least  1-31,*  and 
as  tree  as  possible  from  chlorine,  is  heated  in  a  glass  retort  to  boiling, 
with  addition  of  some  nitrate  of  potassa ;  the  receiver  should  be  kept 
cool,  and  the  distillate  tested  from  time  to  time  until  it  no  longer  pre- 
cipitates ov  gives  a  cloudiness  with  nitrate  of  silver  solution.  The 
receiver  is  then  changed,  and  the  distiUation  continued  until  a  trifling 
quantity  only  remains  in  the  retort.  The  distillate  should  be  diluted 
with  water  until  the  sp.  gr.  is  1-2. 

h.  Commercial  nitric  acid  of  about  1-38  sp.  gr.  is  diluted  with  two- 
fifths  of  its  weight  of  water,  and  nitrate  of  silver  solution  added  as 
long  as  a  precipitate  of  chloride  of  silver  continues  to  form ,  a  little 
more  nitrate  of  silver  solution  is  then  added,  the  precipitate  allowed  to 
subside,  and  the  perfectly  clear  supernatant  acid  is  decanted  into  a 
retort  or  an  alembic  with  ground  head ;  some  nitrate  of  potassa  free 
from  chlorine  is  added,  and  the  distillation  proceeded  with  until  only  a 
small  quantity  remains  in  the  retort,  taking  care  to  attend  to  the  proper 
cooHng  of  the  acid  which  passes  over.  If  necessary,  the  distillate  is 
diluted  with  water,  until  it  has  a  sp.  gr.  of  1-2. 

Tests. — Pure  nitric  acid  must  be  colourless  and  leave  no  residue  when 
evaporated  on  platinum  foil.  The  addition  of  solution  of  nitrate  of 
silver  or  of  nitrate  of  baryta  to  the  acid  diluted  with  3  parts  of  water, 
should  not  cause  the  slightest  turbidity.  It  is  advisable  to  dilute  the 
acid  with  water  before  adding  these  reagents,  as  otherwise  the  nitrates 
will  be  precipitated.  To  test  for  iodic  acid  and  traces  of  sulphuric  acid, 
some  of  the  acid  is  evaporated  to  a  small  bulk,  diluted,  and  a  portion 
tested  with  nitrate  of  baryta ;  bisulphide  of  carbon  is  added  to  the 
remainder,  then  a  little  sulphurous  acid,  and  the  whole  shaken ;  if  iodic 
acid  be  present,  the  bisulphide  will  become  violet.  Nitrous  acid  is 
tested  for  by  adding  starch  paste  and  iodide  of  potassium  to  the  nitric 
acid  previously  diluted  with  5  parts  of  water.  Silver  should  be  tested 
for  by  hydrochloric  acid. 

f/ses.— Nitric  acid  serves  as  a  chemical  solvent  for  metals,  oxides, 
sulphides,  oxygen  salts,  &c.  With  metals  and  sulphides  of  metals,  the 
acid  first  oxidizes  the  metal  present,  at  the  expense  of  part  of  its  own 
oxygen,  and  then  dissolves  the  oxide  to  a  nitrate.  Most  oxides  .nre  dis- 
solved by  nitric  acid  at  once  as  nitrates ;  and  so  are  most  of  the  insoluble 
salts  with  weaker  acids,  the  latter  being  expelled  by  the  nitric  acid. 
Nitric  acid  also  dissolves  salts  with  soluble  non-volatile  acids,  such 
as  phosphate  of  lime,  with  which  it  forms  nitrate  of  lime  and  acid  phos- 
phate of  lime.  Nitric  acid  is  used  also  as  an  oxidizing  agent :  for  in- 
sta,nce,  to  convert  ferrous  into  ferric  oxide,  protoxide  of  "tin  into  bin- 
oxide,  &c. 


*  A  weaker  acid  will  not  answer  the  purpose. 


26,  27.] 
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§  26. 

3.  Acetic  Acid,  -KO,CJIfi,  =  ILO,A  [C,H,0,]. 

Highly  concentrated  acetic  acid  is  not  required  in  qualitative  ana- 
lytical processes;  the  acidum  aceticum  of  the  British  Pharmacopoeia, 
which  contains  33  per  cent,  of  glacial  acetic  acid,  and  has  a  sp.  gi'.  of 
1*044,  fully  answers  the  purpose. 

Tests. — Pure  acetic  acid  should  leave  no  residue  when  evaporated, 
and,  after  saturation  with  carbonate  of  soda,  emit  no  empyreumatic 
odour.  Sulphuretted  hydrogen,  nitrate  of  silver  solution,  and  solution 
of  nitrate  of  baryta  should  give  no  precipitate  or  cloud  with  the  dilute 
acid,  neither  should  it  be  discoloured  by  sulphide  of  ammonium  after 
neutraHzation  with  ammonia.  Solution  of  indigo  must  not  lose  its 
colour  when  heated  with  the  acid.  Empyreumatic  matter  is  best 
detected  by  neutralizing  the  acid  with  carbonate  of  soda,  and  adding 
solution  of  permanganate  of  potash.  If  the  solution  loses  its  colour 
and  afterwards  deposits  a  brown  precipitate,  empyreumatic  matter  is 
present. 

If  the  acid  is  not  pure,  add  some  acetate  of  soda  and-  re-distil  from  a 
glass  retort,  but  not  quite  to  dryness  ;  if  it  contains  sulphurous  acid  (in 
which  case  sulphuretted  hydrogen  will  produce  a  white  turbidity  in  it), 
digest  it  first  with  binoxide  of  lead  or  finely-pulverized  binoxide  of  man- 
ganese, and  then  distil  with  acetate  of  soda. 

Uses. — Acetic  acid  possesses  a  greater  solvent  power  for  some  sub- 
stances than  for  others,  and  is  used  therefore  to  distinguish  between 
them thus  it  serves,  for  instance,  to  distinguish  oxalate  of  lime  from 
phosphate  of  lime.  Acetic  acid  is  also  used  occasionally  to  acidify  liquids 
where  the  employment  of  mineral  acids  is  undesirable. 

§  27. 

4.  Tartaric  Acid,  2HO,03HPi^  =  2II0,T  [C.HAl- 

C'ommercial  tartaric  acid  is  sufficiently  pure  for  analytical  purposes. 
It  should  form  a  clear  solution  with  water ;  and  this  should  give  no 
coloration,  precipitate,  or  turbidity  with  sulphuretted  hydrogen,  oxalate 
of  ammonia  or  chloride  of  barium.  It  is  kept  best  in  powder,  as  its 
solution  suffers  decomposition  after  a  time.  Before  use,  it  is  dissolved 
in  a  little  water,  warming  gently. 

Uses. — The  addition  of  tartaric  acid  to  solutions  of  ferric  oxide, 
alumina,  and  various  other  oxides  of  metals,  prevents  the  usual  pre- 
cipitation of  these  metals  by  an  alkali ;  this  non-precipitation  is  due  to 
the  formation  of  double  tartrates,  which  are  not  decomposed  by  alkalies. 
Tartaric  acid  may  therefore  be  employed  to  effect  the  separation  of  these 
metals  from  others  the  precipitation  of  which  it  does  not  prevent, 

Tartaric^  acid  forms  a  sparingly  soluble  salt  with  potassa,  but  not 
with  soda ;  it  is  therefore  one  of  our  best  reagents  to  distinguish  between 
the  two  alkalies.  Bitartrate  of  soda  answers  this  latter  purpose  still 
better  than  the  free  acid.  This  reagent  is  prepared  by  dissolving  one  of 
two  equal  portions  of  tartaric  acid  in  water,  neutralizing  the  solution 
with  carbonate  of  soda,  then  adding  the  other  portion  of  the  acid,  and 
evaporating  the  solution  to  the  crystallization  point.  For  use,  1  part  of 
the  salt  is  dissolved  in  10  parts  of  water. 
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h.   Hydrogen  Acids  and  Halogens. 
§  28. 

1.  Hydrochloric  Acid,  HCl  [HOI]. 

Preparation. — A  cooled  mixtux^e  of  7  pai-ts  of  concentrated  sulphui'ic 
acid  (free  from  arsenic  and  oxides  of  nitrogen)  with  2  of  water  is  poured 
on  to  4  parts  of  chloride  of  sodium  in  a  retoi't ;  the  retoi-t,  with  slightly- 
raised  neck,  is  then  heated  on  a  sand-bath  untU  the  evolution  of  gas 
ceases,  the  evolved  gas  being  led  by  means  of  a  bent  tube  into  a  flask 
containing  6  parts  of  water,  taking  care  to  keep  this  vessel  cool.  To 
prevent  the  gas  from  receding,  the  tube  ought  only  to  dip  about  one  line 
into  the  water  in  the  flask.  When  the  operation  is  terminated,  the  sp. 
gr.  of  the  acid  must  be  ascertained,  and  it  is  then  diluted  with  water 
untilit  marks  from  I'll  to  1'12.  If  the  acid  is  required  absolutely  pure^ 
and  perfectly  free  from  every  trace  of  arsenic  and  chlorine,  care  must  be 
taken  to  use  sulphuric  acid  which  has  been  purified  from  arsenic  and  the 
oxygen  compounds  of  nitrogen,  according  to  the  directions  given  in  §  24. 
Pure  hydrochloric  acid  may  also  be  prepared  from  the  crude  commercial 
acid,  wliich  usually  contains  much  arsenic.  For  this  purpose  a  concen- 
trated solution  of  stannoiTS  chloride  is  added  to  the  crude  hydrochloric 
acid  in  such  quantity  that,  after  remaining  24  hours,  a  sample  of  the 
acid  gives  a  white  precipitate  with  mercuric  chloride,  indicating  that  an 
excess  of  stannous  chloride  is  still  present ;  the  brown  precipitate  which 
is  formed,  and  which  contains  all  the  arsenic  and  some  tin,  is  allowed  to- 
siibside,  and  the  acid  separated  by  decantation  and  subsequent  filtration 
through  an  asbestos  filter ;  the  acid  is  then  transferred  to  a  retort,  from 
1  to  5  per  cent,  of  sodium  chloride  added,  according  to  the  amount  of 
sulphuric  acid  present,  and  the  mixture  distilled,  the  distillate  being 
collected  in  a  receiver,  which  is  not  luted  to  the  retort,  and  which  con- 
tains 60  parts  of  water  to  every  100  parts  of  acid  to  be  distilled.  The 
distillation  is  continued  until  almost  all  the  acid  has  passed  over,* 

Tests. — Hydrochloric  acid  must  be  perfectly  colourless  and  should 
leave  no  residue  on  evaporation.  If  it  turns  yellow  when  evaporated, 
ferric  chloride  is  present.  It  should  not  impart  a  blue  tint  to  a  solution 
of  iodide  of  potassium  mixed  with  starch  paste  (chlorine  or  ferric  chloride), 
destroy  indigo-blue  (chlorine),  or  decolorize  a  solution  made  faintly  blue 
with  iodide  of  starch  (sulphurous  acid).  Chloride  of  barium  ought  not 
to  produce  a  precipitate  in  the  highly  diluted  acid  (sulphuric  acid). 
Traces  of  sulphuric  acid,  however,  cannot  be  detected  in  this  way. 
In  such  cases  a  relatively  large  quantity  of  the  hydrochloric  acid  must 
be  evaporated  to  a  small  bulk  on  the  water  bath,  water  added,  and  the 
solution  tested  with  chloride  of  barium.  Sulphuretted  hydrogen  should 
produce  no  change  in  the  diluted  acid  (arsenic).  After  neutralization 
with  ammonia,  sulphide  of  ammonium  must  not  darken  it  (iron, 
thallium).  With  zinc  free  from  arsenic,  it  should  evolve  pvire  hydrogen 
free  from  arsenic. 

Uses. — Hydrochloric  acid  is  useful  as  a  solvent  for  a  great  many 

*  It  is  advisable  to  keep  concentrated  Lydrocliloric  acid  in  a  dark  place,  as 
■when  exposed  to  a  bright  light  it  is  apt  to  become  contamiuated  witb  chlorine, 
especially  if  the  bottle  is  only  partly  filled.  See  L.  Backelandt,  Bull.  Acad. 
Koy.  Belg.  [3]  11, 194,  and  H.  McLeod,  J.  Chem.  Soc.  1886,  Trans,  p.  608  [Editor]. 


§  29.]  CHLOEINE  AND  CHLORINE  WATER. 

substances.  It  dissolves  many  metals  and  sulphides  of  metals  forming 
chlorides,  with  evolution  of  hydrogen  or  of  sulphuretted  hydrogen.  It 
dissolves  oxides  and  peroxides  forming  chlorides,  in  the  latter  case 
generally  with  liberation  of  chlorine.  Salts  with  insoluble  or  volatile 
acids  are  also  converted  into  chlorides  by  hydrochloric  acid,  with  separa- 
tion of  the  original  acid;  thus  carbonate  of  lime  is  converted  into 
chloride  of  calcium,  with  liberation  of  carbonic  acid.  Hydrochloric 
acid  dissolves  salts  of  non-volatile  and  soluble  acids  apparently  without 
decomposing  them  (phosphate  of  lime,  for  example) ;  but  the  fact  is  that 
in  cases  of  this  kind  a  metallic  chloride  and  a  soluble  acid  salt  of  the 
acid  of  the  dissolved  compound  are  formed ;  thus,  for  instance,  in  the 
case  of  phosphate  of  lime,  chloride  of  calcium  and  acid  phosphate  of 
lime  are  formed.  "With  salts  of  acids  which  do  not  form  a  soluble  acid 
compound  with  the  base  present,  hydrochloric  acid  yields  metallic 
chloi-ides,  the  liberated  acids  remaining  free  in  solution  (oxalate  of  lime). 
Hydrochloric  acid  is  also  used  as  a  special  reagent  for  the  detection  and 
separation  of  oxide  of  silver,  mercurous  oxide,  and  lead,  and  likewise 
for  the  detection  of  free  ammonia,  with  which  it  produces  dense  white 
fumes  of  chloride  of  ammonium. 

§29. 

2.  Chlorine,  CI,  and  Chlorine  Water. 

PreiKhration. — 18  parts  of  common  salt  in  lumps  is  mixed  with 
15  parts  of  finely  pulverized  good  binoxide  of  manganese,  free 
from  carbonate  of  lime  j  the  mixture  is  introduced  into  a  flask,  a  com- 
pletely cooled  mixture  of  45  parts  of  concentrated  sulphuric  acid 
with  21  parts  of  water  is  poured  upon  it,  and  the  flask  well  shaken  :  a 
uniform  and  continuous  evolution  of  chlorine  gas  will  soon  begin,  which, 
when  it  slackens,  may  be  easily  increased  again  by  the  application  of  a 
gentle  heat.  This  method  of  W  i  g  g  e  r  s  is  excellent,  and  can  be  highly 
recommended.  The  chlorine  gas  evolved  is  first  passed  through  a  flask 
containing  a  little  water,  and  then  into  a  bottle  filled  with  cold  water, 
the  process  being  continued  until  the  water  is  saturated.  If  chlorine 
water  is  required  quite  free  from  bromine,  the  washing  flask  is  changed 
after  about  one-half  of  the  chlorine  has  been  expelled,  and  the  gas 
which  then  passes  over  is  led  into  a  fresh  bottle  filled  with  water.  If  the 
chlorine  water  is  wanted  quite  free  from  hydrochloric  acid,  the  gas  mtist 
be  passed  through  a  U  tube  containing  binoxide  of  manganese.  The 
chlorine  water  must  be  kept  in  a  cellar  and  carefully  protected  from 
the  action  of  light ;  for,  if  this  precaution  is  neglected,  it  soon  sufiers 
decomposition,  being  converted  into  hydrochloric  acid,  with  evolution  of 
oxygen  (resulting  from  the  decomposition  of  water).  Smaller  quantities, 
intended  for  use  in  the  laboratory,  are  best  kept  in  a  stoppered  bottle 
protected  from  the  influence  of  light  by  a  case  of  pasteboard,  or  in  a 
black  glass  bottle. 

Tests. — Chlorine  w^ater  shovild  smell  very  strongly  of  chlorine,  and 
when  evaporated  in  a  porcelain  basin  it  must  leave  no  residue.  It 
should  contain  no  hydrochloric  acid,  or  only  very  little,  so  that  after 
being  agitated  with  metallic  mercury  until  the  odour  of  chlorine  has 
disappeared,  and  filtered,  the  solution  should  be  only  faintly  acid.  Wlien 
chlorinewater  is  agitated  with  bisulphide  of  carbon  and  finely  divided  zinc, 
the  bisulphide  should  not  become  even  transiently  red  brown  (bromine). 
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[§§  30,  31. 


Uses. — Chlorine  has  a  greater  affinity  than  eitlier  iodine  or  bromine 
for  metals  and  for  hydrogen.  Chlorine  water  is  therefore  a  useful  reagent 
for  expelling  iodine  or  bromine  from  their  compounds.  Chlorine  serves 
moreover  to  effect  the  solution  of  certain  metals  (gold,  platinum),  to  de- 
compose metallic  sulphides,  to  convert  sulphurous  acid  into  sulphuric 
acid,  ferrous  oxide  into  ferric  oxide,  &c. ;  and  also  to  destroy  organic 
substances,  as  in  presence  of  these  it  withdraws  hydrogen  from  the  water, 
whilst  the  liberated  oxygen  combines  with  the  vegetable  matters  and 
decomposes  them.  For  the  latter  purpose,  it  is  better  to  produce  the 
chlorine  in  the  liquid  which  contains  the  organic  substance;  this  may 
be  done  by  adding  hydrochloric  acid  to  the  solution,  heating  the  mix- 
ture, and  then  adding  chlorate  of  potassa.  This  gives  rise  to  the  for- 
mation of  chloride  of  potassium,  water,  free  chlorine,  and  hypochlorous 
acid  which  acts  like  chlorine. 

§30. 

3.  Nitro-Hydrochloric  Acid.   Aqua  regia. 

Preparation. — 1  part  of  pure  nitric  acid  is  mixed  with  from  3  to  4 
parts  of  pure  hydrochloric  acid. 

Uses. — Nitric  acid  and  hydrochloric  acid  decompose  each  other,  form- 
ing free  chlorine  water  and  nitrosyl  chloride  (chloronitrous  acid,  oxy- 
chloride  of  nitrogen); 

HO,NO.  +  3HC1  =  2C1  +  NO.Cl  +  4H0 
[HN03  +  3HCI  =  Cl2  +  NOCI  +  2HjO]. 
This  decomposition  ceases  as  soon  as  the  liquid  is  saturated  with  the 
gas ;  but  it  recommences  the  instant  this  state  of  saturation  is  disturbed 
by  the  application  of  heat  or  by  decomposition  of  the  acid.  The 
presence  of  the  free  chlorine,  and  also,  but  in  a  very  subordinate  degree, 
that  of  the  nitrosyl  chloride,  makes  aqua  regia  the  most  powerful  solvent 
for  metals  (with  the  exception  of  those  which  form  insoluble  compounds 
with  chlorine).  Nitro-hydrochloric  acid  is  principally  used  to  dissolve 
gold  and  platinum,  which  are  insoluble  both  in  hydrochloric  and  in 
nitric  acid,  and  also  to  decompose  various  metallic  sulphides,  such  as 
cinnabar,  pyrites,  &c. 

§  31. 

4.  Hydrofluosilicic  Acid,  HF,SiF,  [H.SiFj. 

Preparation. — An  intimate  mixture  is  made  of  1  part  of  perfectly 
dry  fluor  spar  in  powder  *  with  1  \  part  of  powdered  glass,  or  1  part  of 
powdered  ignited  flint,  or  1  part  of  quartz  sand  which  has  been  care- 
fully freed  from  dust  by  washing  and  then  ignited ;  6  parts  of  concen- 
trated sulphuric  acid  free  from  arsenic  are  poured  on  to  the  mixture  in 
a  retort,  and  carefully  mixed  by  shaking  the  vessel.  As  the  mixture 
froths  up  when  it  gets  warm,  the  retort  should  not  be  more  than  one-tliird 
filled.  The  neck  of  the  retort  must  be  connected  aii'-tight  ■ndth  a  small 
tubulated  receiver,  and  the  tubulus  of  the  latter  again,  by  means  of 
india-rubber,  with  a  wide  glass  tube  twice  bent  at  a  right  angle.  To  the 
descending  limb  of  the  glass  tube  a  funnel  is  attached  by  means  of 

*  If  the  fluor  spai-  contains  organic  matter  or  metallic  sulphides,  it  must  be 
ignited  with  free  access  of  air  before  use. 
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indica-rubber ;  this  funnel  is  lowered  into  a  beaker  containing  4  parts 
of  water.  The  disengagement  of  the  gaseous  fluoride  of  silicon,  which 
commences  even  in  the  cold,  is  assisted  by  moderately  heating  the 
retort ;  towards  the  end  of  the  process,  a  pretty  strong  heat  should  be 
applied.  Every  gas  bubble  produces  in  the  Avater  a  precipitate  of 
hvdrated  sihcic  acid,  with  simultaneous  formation  of  hydrofluosilicic 
acid,  3Sir..  +  2H0  =  2(HF,SiF,)  +Si0,[SiF,+  2H,O  =  2H,SiF„+SiO,].  The 
precipitated  hydrate  of  silicic  acid  renders  the  liquid  gelatinous,  and 
it  is  for  this  reason  that  the  aperture  of  the  descending  limb  of  the 
tube  cannot  be  allowed  to  dip  directly  into  the  water,  as  in  that  case 
it  would  soon  be  choked.  It  sometimes  happens  in  the  course  of  the 
operation,  especially  towards  the  end,  that  complete  channels  of  silica 
are  formed  in  the  gelatinous  liquid,  through  which  the  gas  passes  to  the 
sm-face  without  undergoing  decomposition  if  the  liquid  is  not  occasionally 
stirred.  When  the  evolution  of  gas  has  entirely  ceased,  the  gelatinous 
paste  is  thrown  on  to  a  linen  cloth,  the  liquid  squeezed  out,  and  subse- 
quently filtered.    The  filtrate  is  kept  for  use. 

Tests. — Hydrofluosilicic  acid  should  not  produce  any  precipitate  in 
solutions  of  salts  of  strontia  (sulphate  of  strontia). 

jjses. — ^With  hydrofluosilicic  acid,  bases  yield  water  and  metallic 
silicofluorides.    Many  of  these  are  insoluble,  whilst  others  are  soluble 
the  latter,  therefore,  may  be  distinguished  from  the  former  by  means 
of  this  reagent.    In  the  course  of  analysis,  hydrofluosilicic  acid  is 
applied  simply  for  the  detection  and  separation  of  baryta. 

c.  SuLPHUK  Acids. 
§  32. 

1.  Sulphuretted  Hydrogen  {Hydrosuliolmric  Add),  HS  [H„S]. 

Preparation. — Sulphuretted  hydrogen  gas  isevolved  best  from  sulphide 
of  iron,  which  is  broken  into  small  lumps  and  then  treated  with  dilute 
sulphuric  or  hydrochloric  acid.*  Fused  sulphide  of  iron  may  be  procured 
so  cheaply  in  commerce  that  it  is  hardly  worth  while  to  take  the  trouble 
of  preparing  it.  However,  if  you  wish  to  prepare  it  yourself,  this  may 
be  done  by  heating  iron  turnings,  or  1  to  1-J  inch  iron  nails,  in  a 
covered  Hessian  crucible  to  a  white  heat,  and  then  adding  small  lumps 
of  roll-sulphur  until  the  entire  contents  of  the  crucible  are  in  fusion. 
As  soon  as  this  takes  place,  the  fused  mass  is  poured  on  to  sand,  or  into 
an  old  Hessian  crucible.  Or  a  hole  may  be  made  in  the  bottom  of  the 
crucible  in  which  the  mass  is  fused,  when  the  sulphide  of  iron  will  run 
through  this  hole  as  fast  as  it  is  formed,  and  may  be  received  in  a  coal- 
shovel  placed  in  the  ash-pit.  Or  an  intimate  mixture  of  30  parts 
of  iron  filings  with  21  parts  of  flowers  of  sulphur  may  be  pro- 
jected in  small  portions  into  a  red-hot  crucible,  awaiting  always  the 
incandescence  of  the  portion  last  introdiiced  before  a  fresh  one  is  added. 
When  the  whole  of  the  mixture  has  been  thus  introduced  into  the 
crucible,  the  latter  is  closely  covered,  and  exposed  to  a  more  intense 
heat,  suflB.cient  to  cause  the  sulphide  of  iron  to  fuse  more  or  less. 

The  gas  is  evolved  in  the  apparatus  illustrated  by  fig.  3 1 .  W^ater  is 
poured  on  to  the  sulphide  of  iron  in  a,  concentrated  sulphuric  acid 
introduced  through  the  thistle  funnel  h,  and  the  mixture  shaken ;  the- 

*  In  respect  of  the  preparation  of  sulpliuretted  hydrogen  for  medico-lesral  pur- 
poses, see  §  225.  " 
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evolved  gas  is  washed  in  c.  When  a  sufficient  quantity  of  gas  is 
evolved,  the  acid  liquid  should  be  jioured  off  the  still  undecomposed 
sulphide  of  iron,  the  bottle  repeatedly  rinsed  with  water,  again  chai-ged 
with  water,  and  the  apparatus  kept  for  the  next  operation.  If  this  be 
neglected,  the  apjDaratus  will  soon  become  incrusted  with  crystals  of 
sulphate  of  protoxide  of  iron,  which  is  apt  to  interfere  when  the  appa- 
ratus is  again  required  for  the  evolution  of  gas. 


Kg.  31. 

For  larger  laboratories,  or  for  a  chemist  who  has  frequently  to  use 
large  quantities  of  sulphuretted  hydrogen,  a  gasometer  may  be  used,  or  the 
following  apparatus,  devised  by  Brugnatelli,  and  modified  as  sho^vn 
in  fig.  32.  The  flask,  b,  is  provided  with  a  tubulure  at  a  ;*  the  neck  is 
filled  with  broken  glass,  and  the  body  with  sulphide  of  ii-on  in  small 
pieces.  The  india-rubber  stopper  in  the  neck  contains  two  tubes— s 
(which  may  sometimes  be  omitted,  see  next  page),  and  the  short  tube  c, 
which  must  have  a  bore  of  1  cm.  at  least ;  the  latter  is  connected  with 
the  tube  d  of  the  same  size  by  means  of  indiarubber.  The  tube  e  extends 
almost  to  the  bottom  of  A,  and  is  connected  on  the  other  side  with  the 
bottle  _M  by  means  of  the  india-rubber  tube  /.  m  is  closed  with  a  cork 
or  india-rubber  stopper,  containing  a  small  tube  open  at  both  ends.  The 
stopper  in  the  tubulure  a  of  the  flask  b  contains  a  glass  tube,  which  is 
in  connection  with  a  leaden  pipe  q ;  the  latter  conducts  the  gas,  and  is 
supplied  with  the  brass  cocks  h,  b,  i  i. 

To  set  the  apparatus  going,  open  7i,  and  fill  m  with  common  hydro- 
chloric acid,  as  free  from  arsenic  as  possible,  and  diluted  Avith  twice  its 
volume  of  water.  The  liquid  will  pass  into  A,  fill  the  bottle,  and  rise 
through  d  and  c  into  the  flask  B.  As  soon  as  the  neck  of  the  latter 
is  nearly  full,  close  the  cock  h,  and  take  care  that  m  is  not  more  than 
half  full.    If  now  b  is  opened,  and  also  i,  the  acid  rises  up  to  the  sul- 

*  Flasks  -with  a  lateral  tubulure,  such  as  are  generally  used  for  receivers,  are 
also  applicable,  and  indeed  one  of  these  will  be  found  in  Brugnatelli's  original 
drawing  (Zeit.  anal,  Chem.,  6,  390).  But  it  is  certainly  better  to  have  the  tubulure 
at  the  top. 
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phicle,  the  evolution  of  gas  commences  and  proceeds  with  gi^eat  regularity, 
since  the  wide  tubes  c  and  d  allow  the  constant  descent  of  the  solution 
of  protochloride  of  iron  and  ascent  of  fresh  acid.  If  the  acid  does  not 
rise  in  B  as  high  as  is  wished,  one  or  two  blocks  of  wood  should  be  placed 
under  m.  The  current  of  gas  may  be  entirely  regulated  by  raising  or 
lowering  M,  as  Brugnatelli  recommends,  but  the  cocks  will  be  found 
necessaiy  in  large  laboratories  where  the  gas  has  to  be  passed  into  several 
different  solutions  at  the  same  time.  If  the  apparatus  is  not  required 
for  some  time,  M  should  be  placed  lower ;  the  liquid  will  thus  sink  in  B, 


Fig.  32. 

and  ceasing  to  be  in  contact  with  the  sulphide  of  iron,  the  evolution  of 
gas  will  cease.  In  this  case,  if  the  evolution  of  gas  in  B  is  not  rapid 
enough  to  fill  the  space  vacated  by  the  liquid,  air  will  enter  through  the 
tube  s.  If  the  tube  s  is  present  at  all,  it  should  be  sufficiently  long  to 
prevent  the  exit  of  liquid  when  there  is  a  pressure  of  gas.  After  the  acid 
has  flowed  from  b  the  still  moist  sulphide  of  iron  may  continue  evolving 
gas,  but  this  will  merely  occasion  more  acid  to  pass  from  A  to  M.  The 
tube  8  may  be  left  out  when  cocks  are  used.  Under  these  circumstances, 
the  liquid  in  b  will  descend  more  slowly  on  lowering  m,  since  the  space 
filled  by  the  descending  acid  has  to  bo  occupied  by  sulphuretted  hydrogen. 
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When  there  are  no  cocks,  however,  s  is  essential  :  otherwise  on  lowering 
M,  the  liquid  through  which  the  gas  is  passing  might  recede  into  tlie 
appai-atus.  This  inconvenience  may  be  easily  prevented  where  cocks 
are  provided,  simply  by  closing  b  before  lowering  m.  The  gas  from  i  i 
is  led  through  wash-bottles,  or  in  winter  through  U  tubes  filled  with 
wool  before  being  used. 

When  the  acid  is  finally  exhausted,  M  is  placed  lower  than  A,  and 
the  air-cock  h  is  opened,  if  the  tube  s  is  not  present.  All  the  liquid 
then  passes  into  m,  and  can  be  poured  away. 

The  author  found  that  this  apparatus  worked  so  well  that  he  now 
uses  it  instead  of  the  large  leaden  generator  which  he  had  employed  for 
so  many  years.  C.  Winkler*  has  recently  described  a  leaden  apparatus 
of  greatly  improved  construction. 

The  following  apparatus  (fig.  33),  devised  by  P.  Mohr,  is  based 
upon  the  same  principle  as  the  above  ;  it  is  particularly  useful  for  the 


Fig.  33. 


evolution  of  small  quantities  of  the  gas.  A  is  an  eprouvette,  a  well- 
known  piece  of  apparatus,  used  for  drying  large  quantities  of  gas  witli 
chloride  of  calcium  ;  at  6  is  a  perforated  disk  of  lead,  and  above  it  lumps- 
of  sulphide  of  iron.  To  the  end  of  d  is  fixed,  by  means  of  india-rubber 
a,  a  small  piece  of  wide  glass  tube,  which  is  filled  with  cotton  wool,  and 
is  intended  to  stop  any  particles  of  protochloride  of  iron  which  may  be 
spirted  up.  c  is  a  glass  cock  with  a  long  wooden  handle,  which  may  be 
replaced  by  a  clip  ;  e  contains  a  solution  of  carbonate  of  soda,  to  prevent 
the  escape  of  the  sulphuretted  hydrogen  from  the  solution  of  proto- 


*  Zeit.  canal.  Chem.,  21,  38G. 
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chloride  of  iron,  and  to  protect  tlie  latter  fi-om  the  action  of  the  air. 
The  acid  used  liere  is  a  mixture  of  common  hydrochloric  acid  with  one 
or  tAvo  measures  of  water. 

There  are  many  other  forms  of  apparatus  used  for  the  same  purpose. 
That  devised  by  Polil  is  simple  and  convenient  to  use.  It  is  shown  in 
fig.  34.  Tlie  bottle  a,  which  contains  dilute  sulphuric  acid,  should  hold 
from  2  to  2^  litres.  The  solid  glass  rod  G,  measuring  at  least  9  mm.  in 
diametei',  and  with  the  upper  end  gi-ound,  fits  pi-etty  tightly  into  the 
india-rubber  stopper  B,  so  that  it  requires  a  certain  degree  of  force  to 
move  it  upwards  or  downwards.  To  the  lower  end  of  this  rod  is 
attached  the  perforated  basket  K,  made  of 
vulcanite.  This  bavsket  is  lined  with  coarse 
linen^  and  [filled  with  lumps  of  sulphide  of 
iron.  If  the  glass  rod  g  is  pushed  down  suf- 
ficiently far  just  to  dip  into  the  dilute  sulphuric 
acid  in  A,  a  slow  stream  of  sulphuretted  hydro- 
gen is  evolved,  which  may  be  increased  by 
lowering  the  basket,  or  stopped  by  drawing  it 
up  out  of  reach  of  the  fluid  in  A.  The  wide 
tube  R  is  filled  with  cotton  wool,  and  serves 
the  purpose  of  a  wash-bottle. 

Sulphuretted  hydrogen  water  is  pre- 
pared by  passing  the  gas  into  very  cold  water, 
which  has  been  previously  freed  from  air  by  boil- 
ing. The  operation  is  continued  until  the  water 
is  completely  saturated  with  the  gas,  which 
may  be  readily  ascertained  by  closing  the  mouth 
of  the  bottle  with  the  thumb,  and  shaking 
it  a  little ;  if  pressure  is  felt  from  within, 
the  operation  may  be  considered  at  an  end ; 
but  if,  on  the  contrary,  the  thumb  feels  sucked 
into  the  mouth  of  the  bottle,  it  is  a  sure  sign 
that  the  water  is  still  capable  of  absorbing 
more  gas.  Sulphuretted  hydrogen  water  must  be  kept  in  well-closed, 
vessels,  otherwise  it  will  soon  suffer  complete  decomposition,  the 
hydrogen  being  oxidized  to  water,  and  a  small  portion  of  the  sulphur  to 
sulphui'ic  acid,  the  rest  of  the  sulphur  separating  as  such.  The  best  way 
of  preserving  it  unaltered  for  a  very  long  time  is  to  pour  the  freshly 
prepared  solution  immediately  into  small  phials,  to  cork  these  well,  and 
to  place  them  in  an  inverted  position  in  small  jars  filled  with  water. 
Pure  sulphuretted  hydrogen  water  should  be  perfectly  clear  and  smell 
strongly  of  the  gas;  when  treated  with  ferric  chloride,  it  should 
yield  a  copious  precipitate  of  sulphur.  Addition  of  ammonia  should 
not  cause  it  to  blacken,  and  when  evaporated  on  platinum  it  should 
leave  no  residue. 

Uses. — Sulphuretted  hydrogen  has  a  strong  tendency  to  react 
Avith  metallic  oxides,  forming  water  and  metallic  sulphides,  and  as  the 
latter  are  mostly  insoluble  in  water  they  are  precipitated.  The  con- 
ditions under  which  the  precipitation  of  these  sulphides  takes  place 
differ  materially;  by  altering  or  modifying  the  conditions  we  may 
therefore  divide  the  whole  of  the  precipitable  metals  into  groups, 
as  will  be  explained  in  Section  III.  On  this  account,  sulphuretted 
hydrogen  is  an  invaluable  agent  for  effecting  the  separation  of  metals 

QUAL. 
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into  gi'oups.  Some  of  tlio  precipitated  sulphides  exhibit  a  characteristic 
colour  indicative  of  the  individual  metals  which  they  respectively 
contain.  The  great  facility  with  which  sulphuretted  hydrogen  is  de- 
composed renders  this  substance  also  a  useful  reducing  agent  for  many 
compounds ;  thus  it  serves,  for  instance,  to  reduce  salts  of  sesquioxide 
of  iron  to  salts  of  protoxide,  chromic  acid  to  the  state  of  sesquioxide  of 
chromium,  &c.  In  these  processes  of  reduction,  the  sulphur  becomes 
sepai-ated  in  the  form  of  a  fine  white  powder.  Special  circumstances 
determine  as  to  whether  it  is  better  to  employ  the  sulphuretted 
hydrogen  in  the  gaseous  form  or  in  aqueous  solution. 

III.  Bases   and  Metals. 
§  33. 

Bases  are  divided  into  oxygen  bases  and  sulphur  bases.  The  former 
result  from  the  combination  of  metals  or  of  compound  radicals  analogous 
to  them  with  oxygen,  the  latter  from  the  combination  of  the  same 
substances  with  sulphu.r. 

The  oxygen  bases  maybe  classified  as  alkalies,  alkaline  earths, 
earths  proper,  and  oxides  of  the  heavy  metals.  The  alkalies  are  readily 
soluble  in  water ;  the  alkaline  earths  dissolve  with  greater  diflB.culty 
in  it ;  and  magnesia,  the  last  member  of  the  class,  ib  only  very  spar- 
ingly soluble.  The  earths  proper  and  the  oxides  of  the  heavy  metals 
are  insoluble  in  water  or  nearly  so  (except  protoxide  of  thallium). 
The  solutions  of  the  alkalies  and  alkaline  earths  are  caustic  when 
sufficiently  concentrated;  they  have  an  alkaline  taste,  change  the 
yellow  colour  of  turmeric  paper  to  brown,  and  restore  the  blue  tint  of 
reddened  litmus  paper ;  they  saturate  acids  completely,  so  that  even 
the  salts  which  they  form  with  strong  acids  do  not  change  vegetable 
colours,  whilst  those  with  weak  acids  generally  have  an  alkaline  reac- 
tion. The  earths  proper  and  the  oxides  of  the  heavy  metals  likewise 
combine  with  acids  to  form  salts,  but,  as  a  rule,  they  do  not  entii-ely 
take  away  the  acid  reaction  of  the  latter. 

The  sulphur  bases  formed  by  the  combination  of  the  metals  of 
the  alkalies  and  alkaline  earths  with  sulphur  are  soluble  in  water.  The 
solutions  have  a  strongly  alkaline  reaction.  The  other  sulphur  bases 
are  insoluble  in  water.  With  sulphur  acids,  all  sulphur  bases  form 
sulphur  salts. 

a.  Oxygen  Bases. 
a.  Alkalies. 
§  34. 

1.  Hydrate  of  Potassa,  KO,HO  [KHO],  and  Hydrate  of 

Soda,  NaO,HO  [NaHO]. 

The  preparation  of  perfectly  pure  potassa  or  soda  is  a  difficult  opera- 
tion. It  is  advisable  therefore  to  prepare,  besides  perfectly  pure  caustic 
alkali,  also  some  which  is  not  quite  pure,  and  some  which  being  free 
from  certain  impurities  may  in  many  cases  be  safely  substituted  for  the 
pure  substance. 
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a.  Common  solution  of  soda. — 3  parts  of  crystallized  carbonate 
of  soda  of  commerce  and  15  parts  of  water  are  put  into  a  clean  cast-iron 
pan  provided  with  a  lid,  and  heated  to  boiling ;  to  this  solution  is  added,  in 
small  portions  at  a  time,  thick  milk  of  lime  prepared  by  pouring  3  parts 
of  warm  water  on  to  1  part  of  quicklime,  and  allowing  the  mixture  to 
remain  in  a  covered  vessel  until  the  lime  is  reduced  to  a  uniform  pulpy 
mass.  The  liquid  in  the  pan  should  be  kept  boiling  while  the  milk  of  lime 
is  being  added,  and  for  a  quarter  of  an  hour  longer;  a  small  portion  is  then 
filtered  off,  and  tested  to  see  whether  the  filtrate  still  effervesces  with 
hydi'ochloric  acid.  If  this  is  the  case,  the  boiling  must  be  continued, 
and  if  necessary  some  more  milk  of  lime  is  added  to  the  fluid.  When 
the  solution  is  perfectly  free  from  carbonic  acid,  the  pan  is  covered,  and 
the  liquid  allowed  to  cool  a  little ;  the  nearly  clear  solution  is  then 
drawn  off  from  the  residuary  sediment,  by  means  of  a  siphon  filled  with 
water,  and  transferred  to  a  glass  carboy.  The  residue  is  boiled  a  second 
and  a  third  time  with  water,  and  the  clear  liquid  drawn  off  in  the  same 
way.  The  carboy  is  carefully  closed,  and  the  lime  suspended  in  the  liquid 
is  allowed  to  subside  completely ;  the  clear  solution  is  then  poured  back 
into  the  iron  pan,  which  in  the  meantime  has  been  scoured  clean,  and  is 
evaporated  to  6  or  7  parts.  The  solution  so  prepared  contains  from 
9  to  10  per  cent,  of  soda,  and  has  a  sp.  gr.  of  from  1-13  to  1-15.  If  it 
is  wished  to  filter  a  solution  of  soda  which  is  not  quite  clear,  a  covered 
funnel  should  be  used,  which  has  been  charged  first  with  lumps  of  white 
marble  and  then  with  powdered  marble,  the  fine  dust  being  rinsed  out 
with  water  before  the  filter  is  used  (Grager).  Solution  of  soda  should 
be  clear,  colourless,  and  as  free. as  possible  from  carbonic  acid;  sulphide 
of  ammonium  should  not  blacken  it.  Traces  of  silicic  acid,  alumina,  and 
phosphoric  acid,  and  small  quantities  of  chloride  of  sodium  and  sulphate 
of  soda  are  usually  found  in  a  solution  of  soda  prepared  in  this  manner 
and  render  it  unfit  for  use  in  very  accurate  experiments.  Soda  solu' 
tion  is  kept  best  in  bottles  closed  with  ground  glass  caps.  In  default 
of  capped  bottles,  common  ones  with  well-ground  stoppers  may  be  used, 
in  which  case  the  neck  must  be  wiped  perfectly  dry  and  clean  inside' 
and  the  stopper  coated  with  paraffin;  if  this  precaution  is  neglected', 
it  will  be  found  impossible  after  a  time  to  remove  the  stopper,  particu- 
larly if  the  bottle  is  only  rarely  opened. 

b.  Hydrate  of  potassa  purified  with  alcohol.— Some  caustic 
potassa  of  commerce  is  dissolved  in  rectified  spirit  of  wine  in  a  stoppered 
bottle  by  digestion  and  shaking;  the  solution  is  allowed  to  remain  until 
clear,  decanted,  or  filtered  if  necessary,  and  the  clear  solution  evaporated 
m  a  silver  dish  over  the  gas  burner  or  spirit  lamp  until  no  more  vapours 
escape ;  adding  some  water  from  time  to  time,  during  the  evaporation,  to 
prevent  blackening  of  the  mass.  The  silver  dish  is  then  placed  in  cold 
water  until  it  has  sufficiently  cooled,  the  cake  of  caustic  potash  removed 
from  the  dish,  broken  into  coarse  lumps  in  a  hot  mortar,  and  kept  in  a 
well-closed  glass  bottle.  When  required  for  use,  a  small  lump  of  it  is 
dissolved  m  water.  ^ 

The  hydrate  of  potassa  so  prepared  is  sufficiently  pure  for  most 
purposes;  it  contains,  indeed,  a  minute  trace  of  alumina,  but  is  usuallv 
free  from  phosphoric  acid,  sulphuric  acid,  and  silicic  acid.  The  solution 
should  remain  clear  on  the  addition  of  sulphide  of  ammonium  ;  hydrd- 
chloric  acid  should  only  produce  a  barely  perceptible  effervescence  in  it 
When  the  solution  is  acidified  with  hydrochloric  acid  and  evaporated  to 
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dryness,  it  should  leave  a  residue  which  yields  a  clear  solution  when 
dissolved  in  water.  The  solution  acidified  with  hydrochloric  acid,  and 
then  mixed  with  ammonia  in  the  least  possible  excess,  should  not  show 
any  flocks  of  alumina,  at  least  until  it  has  stood  in  a  warm  place  for 
several  hours.  The  solution  after  being  acidified  with  nitric  acid  should 
jiot  give  any  precipitate  with  a  nitric  acid  solution  of  molybdate  of 
ammonia. 

c.  Hydrate  of  potassa  prepared  with  baryta.— Pure  crystals 
of  baryta  (§36)  are  dissolved  in  hot  water,  and  pure  sulphate  of  potassa 
added  to  the  solution  until  a  portion  of  the  filtered  liquid,  acidified  with 
hydrochloric  acid  and  diluted,  no  longer  gives  a  precipitate  on  the 
addition  of  a  further  quantity  of  the  sulphate  (16  parts  of  crystals  of 
baryta  require  9  parts  of  sulphate  of  potassa).  When  the  turbid  solu- 
tion becomes  clear,  it  is  decanted  from  the  sulphate  of  baryta,  and 
evaporated  in  a  silver  dish  as  in  h.  The  hydrate  of  potassa  so  prepared 
is  perfectly  pure,  except  that  it  contains  a  trifling  admixture  of  sulphate 
of  potassa,  which  is  left  behind  on  dissolving  the  hydrate  in  a  little 
water.  This  hydrate  is  but  rarely  required,  its  use  being  m  fact 
exclusively  confined  to  the  detection  of  minute  traces  of  alumina. 

Uses.  The  great  affinity  which  the  fixed  alkalies  have  for  acids 

renders  "these  substances  powerful  agents  in  eflfecting  the  decomposition 
of  the  salts  of  most  bases,  and  consequently  precipitates  those  basses 
which  are  insoluble  in  water.  Many  of  the  oxides  thus  precipitated 
redissolve  in  an  excess  of  the  precipitant,  as,  for  instance,  alumina, 
sesquioxide  of  chromium,  and  oxide  of  lead;  whilst  others  remain 
undissolved,  such  as  ferric  oxide,  oxide  of  bismuth,  &c.  The  fixed  alka- 
lies serve  therefore  to  separate  the  former  from  the  latter.  Potassa  and 
soda  likewise  dissolve  many  salts  (such  as  chromate  of  lead),  sulphur  com- 
pounds, &c.,  and  are  useful  for  separating  and  distinguishing  them  troni 
other  substances.  Many  of  the  oxides  precipitated  by  the  action  ot 
potassa  or  soda  exhibit  peculiar  colours,  or  possess  other  characteristic 
properties  which  may  serve  to  detect  the  individual  metals  which  they 
respectively  contain  ;  such,  for  instance,  are  the  precipitates  of  hydrate 
of  protoxidB  of  manganese,  hydrate  of  protoxide  of  iron,  mercurous  oxide, 
&c  As  ^ed  alkalies  expel  ammonia  from  its  salts,  we  are  by  this  means 
enabled  to  detect  that  compound  by  its  odour,  its  action  on  vegetable 
colours,  &c. 

§  35. 

2.  Ammonia,  ^3  [NH3]. 

Preparation.— A-yximoniii  is  generally  prepared  in  cast-iron  vessels 
on  a  large  scale,  and  it  will  be  found  more  economical  to  buy  it.*  For 
Dreparinff  it  on  a  small  scale,  the  following  method  answers  well. 
4  parts  of  chloride  of  ammonium,  either  crystallized  or  in  lumps,  are 
introduced  into  a  flask  together  with  the  dry  hydrate  of  lime  prepared 
from  5  parts  of  quicklime,  the  two  mixed  by  shaking,  and  enough  water 
is  added  cautiously  to  make  the  powder  agglomerate  into  lumps.  The 
flask  is  then  placed  on  a  sand  bath  and  connected  with  a  rather_  large 
wash-bottle  and  delivery  tube.  A  small  quantity  of  water  is  put  in  the 
wash-bottle,  and  about  10  parts  of  water  m  the  flask  destined  to  absorb 

*  An  exceUent  method  for  preparing  ammonia  in  rather  large  quantities  will  be 
found  in  Zeit.  anal.  Chem.,  1,  186. 
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tlie  gas ;  the  latter  being  placed  in  cold  water.  On  applying  heat,  the 
evolution  of  gas  begins ;  the  heating  is  continued  until  no  more  bubbles 
appear,  when  the  cork  of  the  flask  must  be  taken  out  to  prevent  the 
liquid  from  receding.  The  solution  of  ammonia  contained  in  the  wash- 
ing bottle  is  impure,  but  that  contained  in  the  receiver  is  quite  pure. 
It'^should  be  diluted  with  water  until  the  sp.  gr.  is  about  0*96  -=  10  per 
cent,  of  ammonia,  and  kept  in  bottles  closed  with  ground  stoppers. 

Tests.— Solution  of  ammonia  should  be  colourless,  and  ought  not  to 
leave  the  least  residue  on  evaporation  in  a  platinum  dish.  When 
heated  with  an  equal  volume  of  lime  water,  it  should  cause  no  turbidity, 
at  least  not  to  a  marked  extent  (carbonic  acid).  After  supersaturation 
with  nitric  acid,  no  turbidity  should  be  produced  either  by  solution  of 
nitrate  of  baryta  or  by  nitrate  of  silver,  and  sulphuretted  hydrogen 
should  not  impart  to  it  the  slightest  colour.  On  neutralizing  the  am- 
monia with  dilute  hydrochloric  acid,  it  should  remain  colourless,  and 
should  not  emit  any  empyreumatic  odour. 

ITses. — Solution  of  ammonia,  liquor  ammon. ,  is  really  only  a  solution 
of  ammonia  in  water,  but  it  is  sometimes  convenient  to  consider  it  as  a 
solution  of  oxide  of  ammonium, 

NH3  +  H0  =  NHp  [2NH3  +  H,0  =  (NH,),0]. 
On  this  assumption,  solution  of  ammonia  may  be  regarded  as  analogous 
to  soliition  of  potassa  or  soda ;  this  greatly  simplifies  the  explanation  of 
all  its  reactions,  the  oxygen  salts  resulting  from  the  neutralization  of 
oxygen  acids  by  solution  of  ammonia  being  also  assumed  to  contain 
oxide  of  ammonium  ISTH^O,  instead  of  ammonia,  NHg.  Ammonia  is 
one  of  the  most  frequently  used  reagents.  It  is  especially  useful  for 
saturating  acid  hquids,  and  also  for  the  precipitation  of  a  great  many 
metallic  oxides  and  earths ;  many  of  these  precipitates  redissolve  in  excess 
of  ammonia,  as,  for  instance,  the  oxides  of  zinc,  cadmium,  silver,  copper, 
(fee,  whilst  others  are  insoluble  in  free  ammonia.  This  reagent  serves 
therefore  to  separate  and  distinguish  the  former  from  the  latter.  As 
some  of  these  precipitates,  as  well  as  their  solutions  in  ammonia, 
exhibit  peculiar  colours,  they  at  once  serve  to  detect  the  metals  which 
they  respectively  contain. 

Many  of  the  oxides  which  are  precipitated  by  ammonia  from  neutral 
solutions  are  not  precipitated  by  this  reagent  from  acid  solutions,  their 
precipitation  fio;a  the  latter  being  prevented  by  the  ammonia  salt 
formed  in  the  process.    Compare  §  53. 

^.  Alkaline  Earths. 
§36. 

1.  Hydrate  of  Baryta,  BaO,HO  [BaHAj. 

Pre]xiration. — There  are  a  great  many  ways  of  preparing  hydrate  of 
1;aryta ;  but  as  witherite  is  easily  and  cheaply  procurable,  the  following 
method  is  preferable  to  all  others:  100  parts  of  finely  pulverized 
witherite  are  intimately  mixed  with  10  parts  of  powdered  charcoal  and 
parts  of  resin,  the  mixture  is  introduced  into  an  earthenware  pot,  the 
lid  is  luted  on  with  clay,  and  the  vessel  is  then  heated  in  a  tile-kiln. 
The  baked  mass  is  powdered,  boiled  repeatedly  with  water  in  an  iron 
pot,  and  filtered  into  flasks  which  are  closed  and  allowed  to  remain 
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until  cold,  wlien  large  quantities  of  crystals  of  hydrate  of  baryta, 
BaO,HO  +  8aq  [BaH,0„8H,0],  make  their  appearance.  The  crystals  are 
drained  in  properly  covered  funnels,  dried  rapidly  between  sheets  of 
blotting  paper,  and  kept  in  well-closed  bottles.  For  use,  1  part  of  the 
crystals  is  dissolved  in  20  parts  of  water,  with  the  aid  of  heat,  and  the 
solution  filtered.  The  baryta  water  so  prepared  is  purer  than  the 
mother  liquor  running  off  from  the  crystals.  The  residue,  which  is  in- 
soluble in  water,  and  consists  of  undecomposed  witherite  and  charcoal, 
is  turned  to  account  in  the  preparation  of  chloride  of  barium. 

Tests. — Baryta  water,  after  precipitation  of  the  baryta  by  pure  sul- 
phuric acid,  should  give  a  filtrate  which  will  remain  clear  when  mixed 
with  spirit  of  wine,  and  leave  no  fixed  residue  when  evaporated  in  a 
platinum  crucible. 

Uses. — Caustic  baryta,  being  a  strong  base,  throws  down  the  earths 
and  metallic  oxides  insoluble  in  water  from  the  solutions  of  their  salts. 
In  the  course  of  analysis,  it  is  vised  merely  to  precipitate  magnesia. 
Baryta  water  may  also  be  used  to  precipitate  those  acids  which  form 
insoluble  compounds  with  this  base ;  with  this  object,  it  is  used  to  detect 
carbonic  acid,  to  remove  sulphuric  acid,  phosphoric  acid,  &c. 

§37. 

2.  Hydrate  of  Lime,  CaO,HO  [CaH.O^]. 

a.  Hydrate  of  lime  in  powder,  and  h.  Lime  water,  are 
required. 

The  former  is  obtained  by  slacking  pure  calcined  Hme  in  lumps,  in  a 
porcelain  dish,  with  half  its  weight  of  water.  The  heat  developed  by 
the  combination  of  the  lime  with  the  water  is  sufficient  to  evaporate 
the  excess  of  water.  The  hydrate  of  lime  should  be  kept  in  a  well- 
stoppered  bottle. 

To  prepare  lime  water,  hydrate  of  lime  is  digested  for  some  time 
with  cold  distilled  water,  the  mixture  being  shaken  occasionally;  the 
undissolved  portion  of  lime  is  allowed  to  subside,  the  clear  liquid 
decanted,  and  kept  in  well-stoppered  bottles.  If  the  lime  water  is 
required  quite  free  from  all  traces  of  alkalies,  baryta  and  strontia, 
which  are  almost  invariably  present  in  hydrate  of  lime  prepared  from 
calcined  Hmestone,  the  lime  is  washed  two  or  three  times  by  decantation 
and  the  pure  lime  water  is  made  from  the  residual  lime. 

Tests. — Lime  water  should  impart  a  strongly-marked  browoi  tint  to 
turmeric  paper,  and  give  a  fair  precipitate  with  carbonate  of  soda.  It 
speedily  loses  these  properties  on  exposure  to  the  atmosphere,  and  is 
thereby  rendered  unfit  for  analytical  purposes. 

Uses. — Lime  forms  insoluble  salts  with  many  acids  and  with  other 
soluble  salts.  Lime  water  therefore  serves  to  distinguish  the  former 
acids,  which  it  precipitates  from  their  solutions,  from  the  latter,  which 
it  does  not  precipitate.  Many  of  the  precipitable  acids  are  thrown 
down  only  under  certain  conditions,  for  instance,  on  boiling  (citric 
acid) ;  so  that  by  altering  these  conditions  we  have  a  ready  means  of 
distinguishing  between  them.  Lime  water  is  used  in  analysis  princi- 
pally for  detecting  carbonic  acid,  and  also  to  distinguish  between  citi-ic 
acid  and  tartaric  acid.  Hydrate  of  lime  is  used  chiefly  to  liberate 
ammonia  from  ammonia  salts. 


§§  33,  39.] 
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y.  Heavy  Metals  and  their  Oxides. 

§  38. 

1.  Zinc,  Zn  [Zn]. 

Zinc  of  good  quality  is  selected,  which  should  leave  but  little' residue 
when  dissolved  in  dilute  sulphuric  acid,  and,  above  all,  must  be  per- 
fectly free  from  arsenic.  The  method  described  in  §  132,  10,  wiU  serve 
to  detect  the  presence  of  the  slightest  trace  of  the  latter.  The  metal  is 
fused  and  poured  from  a  height  of  4  or  5  feet,  in  a  thm  stream,  into  a 
\ar^e  vessel  of  water.  Zinc  which  contains  arsenic  must  be  rejected,  as 
ihere  is  no  simple  process  of  purification  known  which  will  remove  every 
trace  of  arsenic  (Eliot  and  Storer).* 

Uses.—ln  qualitative  analysis  zinc  is  used  for  preparing  hydrogen, 
a'^o  arseniuretted  and  antimoniuretted  hydrogen  gases  (compare  §  131, 
10,  and  §  132,  10) ;  it  is  also  employed  to  precipitate  some  metals  from 
their  solutions ;  the  zinc  simply  displacing  the  other  metal, 

CuO,S03  +  Zn  =  ZnO,S03  +  Cu       [CuSO,+ Zn  =  ZnSO,  +  Cu]. 
Zinc  is  sometimes  used  in  the  detection  of  sulphurous  acid  and  phos- 
phorous acid;  before  being  used  for  this  purpose,  it  must  be  tested  for 
sulphide  of  zinc  or  phosphide  of  zinc,  as  the  case  may  be,  see  §§139 
and  148. 

2.  Iron,  Fe  [Fe]. 

Iron  reduces  many  metals  and  precipitates  them  from  their  solutions 
in  tie  metalhc  state.  It  is  used  especially  for  the  detection  of  copper, 
which  is  precipitated  upon  it  with  its  characteristic  colour.  ^  Any  clean 
surface  of  iron,  such  as  a  knife-blade,  a  needle,  a  piece  of  wire,  &c.,  will 
.serve  for  this  purpose. 

3.  Copper,  Cu  [Cu]. 

Copper  is  used  to  effect  the  reduction  of  mercury,  and  sometimes  of 
arsenic  ;  any  clean  surface  of  copper,  such  as  copper  foil  or  copper  wire, 
may  be  employed  for  this  purpose. 

§  39. 

4.  Hydrate  of  Oxide  of  Bismuth,  Bi03,H0  [BiHOj. 

Preparation. — Bismuth,  freed  from  arsenic  by  fusion  with  hepar 
mlphuris,  is  dissolved  in  dilute  nitric  acid^  the  solution  diluted  until  a 
slight  permanent  precipitate  is  produced,  and  then  filtered  and  evaporated 
until  it  crystallizes.  The  crystals  are  washed  with  water  containing  nitric 
acid,  and  triturated  with  water,  ammonia  in  excess  is  then  added,  and 
the  mixture  allowed  to  digest  for  some  time ;  the  white  precipitate  thus 
produced  is  collected,  washed,  and  dried. 

Tests. — The  hydrate  of  bismuth  (commercial  basic  nitrate  of  bismuth 

*  According  to  Gunning  (Scheikundige  Bijdragon,  Deel  I.  Ni\  ],  p.  113),  the 
jnmfication  riiay  be  effected  by  repeated  fusion  with  a  mixture  of  carbonate  of  soda 
and  sulphur,  whilst  8elmi  (Zeit.  aual.  Ciiem.,  22,  7G)  states  that  the  arsenic  may 
be  removed  by  treating  the  melted  zinc  with  chloride  of  ammonium. 
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may  also  be  used  if  it  is  free  from  arsenic  and  antimony)  dissolved  in 
dilute  nitric  acid  is  precipitated  with  sulphu}-otted  hydrogen,  and  a  part 
of  the  precipitated  sulphide  is  treated  with  ammonia  and  filtered,  the 
remainder  is  treated  with  sulphide  of  ammonium  and  filtered.  The 
filtrates  are  then  mixed  with  hydrochloric  acid  in  excess;  the  first 
should  give  no  precipitate,  the  second  only  a  white  precipitate  of 
sulphur. 

Uses. — When  teroxide  of  bismuth  is  boiled  with  alkaline  solutions  of 
metallic  sulphides,  it  reacts  with  them  forming  metalhc  oxides  and  sul- 
phide of  bismuth.  It  is  also  used  to  convert  tersulphide  and  penta- 
sulphide  of  arsenic  into  arsenious  and  arsenic  acids. 

h.  Sulphur  Bases. 
§  40. 

1.  Sulphide  of  Ammonium,  NH,S  [(NHj.S].  l 

a.  Colourless  protosulphide  of  ammonium,  and 
h.  Yellow  polysulphide  of  ammonium,  are  employed. 

Preparation. — a.  Sulphuretted  hydrogen  gas  is  passed  through  Sparts 
of  solution  of  ammonia  until  no  further  absorption  takes  place ;  2  parts 
more  of  the  same  solution  of  ammonia  are  then  added.  The  action  of 
sulphuretted  hydrogen  on  ammonia  gives  rise  to  the  formation,  firsl^  of 
NH^S  [(NH,),SJ,  then  of  NH^S,HS  [NH„HS];  on  adding  to  the  procuct 
solution  of  ammonia  equal  in  volume  to  that  which  has  been  saturated, 
the  ammonia  reacts  with  the  hydrosulphide  of  sulphide  of  ammonium, 
and  protosulphide  of  ammonium  is  formed.  Only  two-thirds  of  this 
quantity  of  solution  of  ammonia  should  be  added,  however,  as  it  is 
better  that  the  reagent  should  contain  a  little  hydrosulphide  of  sulpMde- 
of  ammonium  than  that  free  ammonia  should  be  present.  Hydro- 
sulphide of  sulphide  of  ammonium  has  usually  been  employed  hitherto, 
instead  of  the  simple  protosulphide ;  this  is  unnecessary,  and  tends  to 
increase  the  smell  of  sulphuretted  hydrogen  in  the  laboratory,  as  the 
hydrosulphide  gives  ofi"  that  gas  in  contact  with  metallic  sulphur  acids. 

Sulphide  of  ammonium  should  be  kept  in  well-corked  bottles.  It  is 
colourless  at  first,  and  deposits  no  sulphur  on  the  addition  of  an  acid. 
On  exposure  to  the  air,  however,  it  acquires  a  yellow  tint,  due  to  the 
formation  of  bisulphide  of  ammonium,  ammonia  and  water,  thus  : 
2NH4S  +  0 = NH^S,  +  NH3 -I-  HO  [4( N H,),S  +  O, = 2( N  H,),S,  +  4N  H3 -^  2H,0]. 
By  the  continued  action  of  the  oxygen  of  the  air,  still  higher  sulphides 
are  formed  at  first,  but  afterwards  sulphur  is  deposited,  and  nothing 
I'emains  in  solution  but  ammonia  and  hyposulphite  of  ammonia.  The 
hyposulphite  is  formed  in  the  manner  shown  in  the  equation  : 
NH^S,  +  03  =  E"H,0,SA  [2(NHJA  +  30,=2(NH,),S^03].. 

h.  Sulphide  of  ammonium  which  has  turned  yellow  by  moderate  ex- 
posui'e  to  the  air  may  be  used  for  all  the  purposes  requiring  the  employ- 
ment of  yellow  sulphide  of  ammonium.  The  yellow  sulphide  may  also 
be  expeditiously  prepared  by  digesting  the  protosulphide  with  suljohur. 
All  kinds  of  yellow  sulphide  of  ammonium  deposit  sulphur  and  become 
turbid  and  milky  on  being  mixed  with  acids. 

Tests. — Sulphide  of  ammonium  should  strongly  emit  the  odour 


SULPHIDE  OF  SODIUM. 


57 


peculiar  to  it ;  with  acids  it  should  evolve  abundance  of  sulphuretted 
hydrogen  ;  the  evolution  of  gas  may  be  attended  by  the  sejoaration  of  a 
pure  white  precipitate,  but  no  other  precipitate  should  be  formed.  It 
should  leave  no  residue  when  evaporated  and  heated  to  redness  in  a 
platinum  dish.  It  should  not  precipitate  or  render  turbid  solution  of 
magnesia  or  solution  of  lime  even  on  heating  (carbonate  of  ammonia  or 
free  ammonia). 

Uses. — Sulphide  of  ammonium  is  one  of  the  reagents  most  frequently 
employed.  It  is  vised  (a)  to  precipitate  those  heavy  metals  which 
sulphuretted  hydrogen  fails  to  throw  down  from  acid  solutions,  such  as 
iron,  cobalt,  etc., 

NH^S  +  FeO,S03  =  FeS  +  NHp,S03  [(NH,),S  +  FeSO,  =  FeS  +  (NH,),SOJ  ; 
(6)  to  separate  the  metallic  sulphides  thrown  down  from  acid  solutions 
by  sulphuretted  hydrogen  into  two  groups,  as  it  dissolves  some  of  them 
to  sulphur  salts,  as,  for  instance,  the  sulphides  of  arsenic  and  antimony, 
ifec,  whOst  others  remain  undissolved,  such  as  sulphide  of  lead,  sulphide 
of  cadmium,  &c.  The  sulphide  of  ammonium  used  for  this  purpose 
must  contain  an  excess  of  sulphur  if  the  metallic  sulphide  to  be  dis- 
solved will  dissolve  only  as  a  higher  sulphide,  as,  for  instance,  SnS  [SnS]^ 
which  dissolves  with  ease  only  as  SnS^  [SnSJ. 

From  solutions  of  salts  of  alumina  and  sesquioxide  of  chromium, 
sulphide  of  ammonium  precipitates  hydrates  of  these  oxides,  with  escape 
of  sulphuretted  hydrogen,  as  the  sulphur  compounds  corresponding  with 
these  oxides  cannot  be  formed  in  the  wet  way : 

A1,03,3S03  +  3N"H^S  +  6H0  =  Al,03,3HO  +  3(N"Hp,S03)  +  3HS 
[Al2(SO,)3  +  3(N  H  J^S  +  6H2O  =  AU(OH),  +  3(N  H  J^SO^  +  SH^SJ. 
Salts  insoluble  in  water  are  thrown  down  unaltered  by  sulphide  of  am- 
monium from  their  solutions  in  acids  ;  for  example,  phosphate  of  lima 
is  precipitated  unaltered  from  its  solution  in  hydrochloric  acid. 

§41. 

2.  Sulphide  of  Sodium,  NaS  [Na^S]. 

Prejoaration. — The  same  as  sulphide  of  ammonium,  except  that  solu- 
tion of  soda  is  substitvited  for  solution  of  ammonia.  It  is  filtered,  if  ne- 
cessary, and  the  solution  kept  in  well-stoppered  bottles.  If  requii-ed 
to  contain  some  higher  sulphide  of  sodium  it  must  be  digested  with 
powdered  sulphur. 

t/ses.— Sulphide  of  sodium  must  be  substituted  for  sulphide  of  am- 
monium in  the  separation  of  sulj)hide  of  copper  from  sulphur  compounds 
soluble  in  alkaline  sulphides  {e.g.,  from  stannous  sulphide),  as  sulphide 
of  copper  is  not  quite  insoluble  in  sulphide  of  ammonium. 

IV.  Salts. 

Of  the  many  salts  employed  as  reagents,  those  of  potassa,  soda,  and 
ammonia  are  used  principally  on  account  of  their  acids ;  a  salt  of  soda 
may  therefore  often  be  substituted  for  the  corresponding  potassa  salt. 
Thus  it  is  almost  always  a  matter  of  indifference  whether  carbonate  of 
soda  or  carbonate  of  potassa  is  used,  ferrocyanide  of  potassium  or  ferro- 
cyanide  of  sodium,  &c.    On  this  account,  the  salts  of  the  alkalies  are 
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here  classified  hy  their  acids.  With  tlie  salts  of  the  alkaline  earths  and 
those  of  the  oxides  of  the  heavy  metals  the  ease  is  different ;  these  are 
not  used  for  their  acid,  but  for  their  base ;  we  may  therefore  often 
substitute  for  one  salt  of  a  base  another  similar  one,  as  nitrate  or  acetate 
of  baryta  for  chloride  of  barium,  (fee.  For  this  reason  the  salts  of  the 
■alkaline  earths  and  of  the  heavy  metals  are  classified  by  their  bases. 

a.  Salts  of  the  Alkalies, 
§  42. 

1.  Sulphate  of  Potassa,  IvO,S03  t^^^soj. 

Preparation. — Sulphate  of  potassa  of  commerce  is  purified  by  re- 
crystallization,  and  a  solution  is  made  of  1  part  of  the  pure  salt  in  12 
parts  of  water. 

Uses. — Sulphate  of  potassa  serves  to  detect  and  separate  baryta  and 
strontia.  It  is  in  many  cases  used  in  preference  to  dilute  sulphuric 
acid,  which  is  employed  for  the  same  purpose,  as  it  does  not,  like  the 
latter  reagent,  disturb  the  neutrality  of  the  solution. 

§43. 

2.  Phosphate  of  Soda,  2NaO,HO,PO,  [Na.HPO,]. 
Crystallized,  2mO,HO,P03  +  24aq  Na2HPO„12KO]. 

Preparation. — Commercial  phosphate  of  soda  is  purified  by  recrystal- 
lization,  and  1  part  of  the  pure  salt  is  dissolved  in  10  parts  of  water 
for  use. 

Tests. — Solution  of  phosphate  of  soda  should  not  become  turbid 
when  heated  with  ammonia.  The  precipitates  which  solution  of 
nitrate  of  baryta  and  solution  of  nitrate  of  silver  produce  in  it  must 
redissolve  completely,  and  without  efi"ervescence,  on  addition  of  dilute 
nitric  acid.  Sulphuretted  hydrogen  should  not  precipitate  or  colour  the 
solution  either  as  it  is  or  when  acidified,  nor  yet  on  warming  it. 

Uses. — Phosphate  of  soda  precipitates  the  alkaline  earths  and  all 
heavy  metallic  oxides  by  double  affinity.  In  analysis,  after  the  separa- 
tion of  the  oxides  of  the  heavy  metals,  it  serves  as  a  test  for  alkaline 
earths  in  general ;  and,  after  the  separation  of  baryta,  strontia,  and 
lime,  as  a  special  test  for  the  detection  of  magnesia;  for  the  latter 
purpose,  it  is  used  in  conjunction  with  ammonia,  the  magnesia  being 
precipitated  as  basic  phosphate  of  magnesia  and  ammonia.  Instead  of 
phosphate  of  soda,  phosphate  of  soda  and  ammonia  (§  84)  may  also  be 
used. 

§44. 

3.  Oxalate  of  Ammonia,  2NHp,cp,  [(NHj,c,oa 
Crystallized,  2NHp,CP(.  + 2aq  [(NHJAO^.H^O]. 

Preparation. — 1  part  of  commercial  oxalic  acid  (which  usually  con- 
tains potassa  or  soda)  is  dissolved  in  G  parts  of  boiling  water,  allowed  to 
cool,  and  the  solution  poured  off  or  filtered  from  the  crystals  of  oxalic 
acid,  which  generally  contain  quadroxalate  of  potassa;  it  is  then 
evaporated  and  again  allowed  to  cool.  The  second  crop  of  crystals  is 
practically  free  from  potassa.    A  third  crop  equally  pure  may  also  be 
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obtained.  The  mother  liquor  together  with  the  first  crop  may  be  used 
in  the  preparation  of  oxalate  of  potassa  or  soda.  The  purified  oxalic 
.Moid  is  dissolved  in  2  parts  of  distilled  water,  with  the  aid  of  heat, 
.solution  of  ammonia  added  until  the  reaction  is  distinctly  alkaline,  and 
the  vessel  put  aside  in  a  cold  place  ;  the  crystals  which  form  are  allowed 
to  drain  from  the  mother  Hquor,  which,  on  evaporation,  will  give  another 
crop  of  crystals.  All  the  crystals  are  then  purified  by  recrystallization  : 
1  part  of  the.  pure  salt  is  dissolved  in  24  parts  of  water  for  use. 

Tests. — The  solution  of  oxalate  of  ammonia  should  not  be  pre- 
cipitated or  rendered  turbid  by  sulphuretted  hydrogen,  or  by  sulphide 
of  ammonium.  When  ignited  on  platinum,  the  salt  must  volatilize 
without  leaving  any  residue. 

Uses. — Oxalic  acid  forms  insoluble  or  very  sparingly  soluble  com- 
pounds with  lime,  strontia,  baryta,  oxide  of  lead,  and  other  metallic 
oxides ;  oxalate  of  ammonia,  therefore,  produces  precipitates  of  the 
corresponding  oxalates  when  added  to  the  aqueous  solutions  of  the 
salts  of  these  bases.  In  analysis,  it  serves  principally  for  the  detection 
and  separation  of  lime. 

§  45. 

4.  Acetate  of  Soda,  NaO,C,H303  =  NaO,!  [NaC.H^O,]. 

Crystallized,  NaO,A  +  6aq  [NaC2H302,3H,0]. 

Pre2Mration. — Crystallized  carbonate  of  soda  is  dissolved  in  a  little 
water,  acetic  acid  added  to  slight  excess,  the  solution  evaporated  until 
ifc  crystalhzes,  and  the  salt  purified  by  recrystallization.  For  use,  1  part 
of  the  salt  is  dissolved  in  10  parts  of  water. 

Tests. — Acetate  of  soda  should  be  colourless  and  free  from  empyreu- 
matic  matter  and  inorganic  acids. 

Uses. — The  stronger  acids  in  the  free  state  decompose  acetate  of 
soda,  combining  with  the  base,  and  setting  the  acetic  acid  free.  In  the 
course  of  analysis,  acetate  of  soda  is  used  principally  to  precipitate  ferric 
phosphate  (which  is  insoluble  in  acetic  acid)  from  its  solution  in  hydro- 
chloric acid.  It  serves  also  to  effect  the  separation  of  ferric  oxide  and 
alumina,  which  are  precipitated  on  adding  acetate  of  soda  to  solutions  of 
their  salts  and  boiling. 

§  46. 

6.  Carbonate  of  Soda,  NaOjCO^  [Na^cOj]. 

Crystallized,  N'aO,C02  +  lOaq  [Na^CO^JOKO]. 

Preparation. — Commercial  bicarbonate  of  soda  in  powder  is  put  into 
a  funnel  stopped  loosely  with  cotton  wool,  the  surface  made  level  and 
covered  with  a  disk  of  difficultly  permeable  paper  with  turned-up  edges  ; 
it  is  then  washed  by  pouring  small  quantities  of  water  on  the  paper 
disk,  until  the  filtrate,  acidified  with  nitric  acid,  is  no  longer  rendered 
turbid  by  nitrate  of  silver  solution,  or  by  solution  of  chloride  of  barium. 
The  salt  is  then  dried  and  converted  into  carbonate  by  gentle  ignition. 
This  is  best  effected  in  a  silver  or  platinum  crucible  or  dish ;  but  it  may 
be  done  also  in  a  perfectly  clean  vessel  of  cast  iron,  or,  on  a  small  scale, 
in  a  porcelain  dish.  Pure  carbonate  of  soda  may  be  obtained  also  by, 
the  repeated  recrystallization  of  commercial  carbonate  of  soda.    For  use, 
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1  part  of  the  anliydrous  salt  or  2-7  parts  of  the  oystallized  salt  is  dis- 
solved in  5  parts  of  water. 

:Z'es<6\— Carbonate  of  soda  should  be  perfectly  white.  Its  solution, 
after  supersaturation  with  nitric  acid,  should  not  be  rendered  turbid  b}- 
chloride  of  barium  or  nitrate  of  silver  ;  neither  should  sulphocyanate  of 
potassium  impart  a  red,  nor  warming  Avith  molybdate  of  ammonia  and 
nitric  acid  a  yellow,  tint  to  it,  or  give  a  yellow  precipitate ;  the  residue 
which  remains  on  evaporating  its  solution  to  dryness,  after  previous 
supersaturation  with  hydrochloric  acid,  should  leave  no  residue  (silicic 
acid)  when  redissolved  in  water.  When  fused  in  a  glass  tube  with 
cyanide  of  potassium  for  a  long  time  in  a  current  of  carbonic  acid,  it 
should  give  no  trace  of  a  dark  subhmate  (arsenic).    See  §  132,  12. 

Uses. — With  the  exception  of  the  alkalies,  carbonate  of  soda  precipi- 
tates the  whole  of  the  bases  in  the  form  of  neutral  or  basic  carbonates. 
Those  bases  which  are  soluble  in  water  as  bicarbonates  requii^e  boiling 
for  their  complete  precipitation  from  acid  solutions.  Many  of  the  pre- 
cipitates produced  by  the  action  of  carbonate  of  soda  exhibit  a  charac- 
teristic colour,  which  may  lead  to  the  detection  of  the  metals  which 
produce  them.  Solution  of  carbonate  of  soda  serves  also  to  decompose 
many  of  the  insoluble  salts  of  the  alkaline  earths  or  of  the  metals,  more 
particularly  those  containing  organic  acids.  These  salts  when  boiled 
with  carbonate  of  soda  are  converted  into  insoluble  carbonates,  while 
the  acids  combine  with  the  soda  and  are  thus  obtained  in  solution. 
Carbonate  of  soda  is  also  frequently  used  to  saturate  free  acids. 

§  47. 

6.  Carbonate  of  Ammonia,  NHp,C02  [(NHJ.co,]. 

Preparation. — Purified  sesquicarbonate  of  ammonia  is  employed, 
such  as  is  prepared  on  a  large  scale  from  a  mixture  of  chloride  of  ammo- 
nium and  carbonate  of  lime  by  sublimation ;  it  shovild  be  entirely  free 
from  any  smell  of  animal  oil.  The  outer  and  the  inner  surface  of  the 
mass  should  be  carefully  scraped  off.  One  part  of  the  salt  is  dissolved 
by  digestion  with  4  parts  of  water  to  which  1  part  of  solution  of  caustic 
ammonia  has  been  added. 

Tests. — -Pure  carbonate  of  ammonia  should  volatilize  completely. 
Neither  solution  of  nitrate  of  baryta  nor  of  nitrate  of  silver,  nor  sul- 
phuretted hydrogen,  should  give  any  colotir  or  precipitate  with  it,  after 
it  has  been  supersaturated  with  nitric  acid. 

Uses. — Carbonate  of  ammonia,  like  carbonate  of  soda,  pi'ecipitates 
most  metallic  oxides  and  earths ;  it  is  generally  employed  in  preference 
to  the  sodium  salt,  because  it  does  not  introduce  a  non-volatile  substance 
into  the  solution.  Complete  precipitation  of  many  of  the  oxides  takes 
place  only  on  boiling.  Several  of  the  precipitates  redissolve  again  in  an 
excess  of  the  precipitant.  In  like  manner,  carbonate  of  ammonia  dis- 
solves many  hydrated  oxides  and  sulphides,  and  thus  enables  us  to 
distinguish  and  separate  them  from  others  which  are  insoluble  in  this 
reagent. 

Carbonate  of  ammonia,  like  caustic  ammonia,  and  for  the  same 
reason,  fails  to  prepipitate  from  acid  solutions  many  oxides,  which  it 
precipitates  from  neutral  solutions.  (Compare  §  53.)  Carbonate  of 
ammonia  is  used  in  analysis  principally  to  effect  the  precipitation  of 
baryta,  strontia,  and  lime,  and  the  separation  of  these  substances  from 
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magnesia ;  also  to  separate  sulphide  of  arsenic,  which  is  soluble  in  it, 
from  sulphide  of  antimony,  which  is  insoluble, 

§  48. 

7.  Bisulphite  of  Soda,  NaO,HO,2SO,  [NaHSO,]. 

Preparation.— 6  parts  of  copper  clippings  and  20  parts  of  concen- 
trated sulphuric  acid  are  heated  together  in  a  flask,  and  the  sulphurous 
Acid  gas  evolved  is  passed  first  through  a  wash-bottle  containing  some 
water,  then  into  a  flask  containing  4  parts  of  purified  bicarbonate  of 
soda  (§  46),  or  7  parts  of  pure  crystallized  carbonate  of  soda,  and  from 
20  to  30  parts  of  water :  it  should  not  be  much  more  than  half  full. 
The  current  of  gas  is  passed  until  carbonic  acid  no  longer  escapes  from 
the  solution  with  efiervescence.  The  solution,  which  smells  strongly 
of  sulphurous  acid,  should  be  kept  in  a  well-stoppered  bottle. 

J'ests. — Sulphite  of  soda,  when  evaporated  to  dryness  with  pure  sul- 
phuric acid,  should  leave  a  residue,*  the  aqueous  solution  of  which  is 
not  altered  by  sulphuretted  hydrogen,  and  does  not  yield  a  yellow  pre- 
<3ipitate  when  heated  with  a  solution  of  molybdate  of  ammonia  mixed 
with  nitric  acid. 

Uses. — Sulphurous  acid  has  a  great  tendency  to  absorb  oxygen  and 
pass  to  the  state  of  sulphuric  acid;  it  is  therefore  a  very  powerful 
reducing  agent.  Sulphite  of  soda,  which  has  the  advantage  of  being 
less  readily  decomposed  than  sulphurous  acid,  acts  in  an  analogous 
manner  on  adding  an  acid  to  it.  It  is  used  principally  to  reduce  arsenic 
.ncid  to  arsenious  acid,  chromic  acid  to  sesquioxide  of  chromium,  and 
■sesquioxide  of  iron  to  protoxide. 

§49. 

8.  Nitrite  of  Potassa,  KO,m  [KNOJ. 

Preparation. — 1  part  of  nitre  is  fused  in  an  iron  pan,  2  parts  of 
lead  are  added,  and  the  mixture  is  kept  stirred  with  an  iron  rod.  Even 
;at  a  low  red  heat  the  lead  becomes  for  the  most  part  oxidized  and  con- 
verted into  a  yellow  powder.  To  oxidize  the  remainder,  the  heat  is 
increased  to  visible  redness  and  maintained  at  that  for  half  an  hour. 
When  cold,  the  product  is  treated  with  cold  water,  filtered,  and  carbonic 
4icid  passed  through  the  filtrate ;  this  precipitates  almost  the  whole  of 
the  lead  in  solution,  and  the  remainder  may  be  removed  with  a  little 
sulphuretted  hydrogen.  The  clear  solution  is  evaporated  to  dryness, 
finally  with  stirring,  and  then  fused  in  order  to  destroy  any  hypo- 
sulphite of  potassa  which  may  have  been  formed  (A.  Strom'eyer). 
When  required,  1  part  is  dissolved  in  2  parts  of  water,  neutralized 
cautiously  with  acetic  acid,  and  filtered. t 

Tests. — On  adding  dilute  sulphuric  acid  to  nitrite  of  potassa,  it  should 
•copiously  evolve  nitric  oxide  gas. 

Uses. — Nitrite  of  potassa  is  an  excellent  reagent  for  detecting  and 
separating  cobalt,  in  the  solutions  of  which  metal  it  produces  a  pre- 
cipitate of  the  nitrite  of  potassa  and  cobalt  oxide.  It  sei-ves  also  in 
presence  of  free  acid  to  liberate  iodine  from  its  compounds. 

*  8ulpljiirous  acid  is  copiously  evolved  during  the  evaporation. 

t  For  most  purposes  nitrite  of  soda  may  be  employed  instead  of  the  potassa 
salt.  The  commercial  article,  which  is  now  made  in  immense  quantities  for  the 
manufacture  of  coal-tar  dyes,  is  almost  chemically  pure. — [Editok.] 
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§  50. 

9.  Bichromate  of  Potassa,  KO,2Cr03  [K,Cr,o,]. 

Prepm-ation. — The  commercial  salt  is  purified  by  recrystallization, 
and  1  part  of  the  pure  salt  dissolved  in  10  of  water  for  use. 

_  Tests. — The  solution  of  the  salt  acidified  with  hydrochloric  acid  and 
boiled  with  alcohol,  should  yield  a  green  solution  which  is  not  rendered 
turbid  by  chloride  of  barium. 

Uses. — Chromate  of  potassa  decomposes  most  of  the  soluble  .salts  of 
metallic  oxides  by  double  affinity.  Most  of  the  precipitated  chromates 
are  but  sparingly  soluble,  and  many  of  them  exhibit  characteristic 
colours  which  lead  readily  to  the  detection  of  the  particular  metal  which 
they  contain.  Dichromate  of  potassa  is  used  principally  as  a  test  for 
lead,  and  also  for  separating  and  distinguishing  bartya  from  strontia. 

§  51. 

10.  Acid  Metantimonate  of  Potassa, 

K0,H0,Sb05  +  6aq  [K,H,SbA>6H,0]. 

Pre2Jaration. — A  mixture  of  equal  parts  of  pulverized  tartar-emetic 
and  nitrate  of  potassa  is  projected  into  a  red-hot  crucible  in  small 
portions  at  a  time.  After  the  mass  has  deflagrated  it  is  kept  at  a 
moderate  red  heat  for  a  quarter  of  an  hour  longer,  which  causes  it  ta 
froth  at  first,  but  after  some  time  it  passes  to  a  state  of  calm  fusion. 
The  crucible  is  now  removed  from  the  fire,  and  when  sufficiently  cold  the 
mass  is  extracted  with  warm  water ;  the  product  can  now  be  easily  washed 
out,  and  on  standing  deposits  a  heavy  white  powder  from  which  the  suj^er- 
natant  liquid  is  decanted  (Brunner).  It  is  washed  with  cold  water, 
boiled  for  a  short  time  with  200  parts  of  water,  and  filtered  when  cold. 

Tests  and  Uses. — Acid  metantimonate  of  potassa  is  very  sparingl}' 
soluble  in  water,  requiring  90  parts  of  boiling  and  250  parts  of  cold 
water  for  solution.  The  solution  prepared  in  the  way  described  can 
be  kept  unaltered  for  a  considerable  time.  It  should  be  clear  and  of 
neutral  reaction ;  it  should  give  no  precipitate  with  solution  of  chloride 
of  potassium,  or  with  solution  of  chloride  of  ammonium  ;  but  solution 
of  chloride  of  sodium  should  yield  a  crystalline  precipitate  with  it. 
Metantimonate  of  potassa  is  a  valuable  reagent  for  soda,  but  its  employ- 
ment requires  great  caution,  see  §  90. 

§52. 

11.  Molybdate  of  Ammonia,  NHp,Mo03  [(NH,),MoOJ, 
dissolved  in  Nitric  Acid. 

Preparation. — Sulphide  of  molybdenum  is  mixed  with  about  an 
equal  bulk  of  coarse  quartz  sand  previously  washed  Avith  hydrochloric 
acid,  and  triturated  until  it  is  reduced  to  a  moderately  fine  powder ;  tlie 
powder  is  then  heated  to  faint  redness,  with  repeated  stirring,  until  the 
mass  has  acquired  a  lemon-yellow  colour  (which  after  cooling  tui'ns 
whitish).  With  small  quantities,  this  operation  may  be  conducted  in 
a  flat  platinum  dish,  with  large  quantities  in  a  muffle.  The  residue  is 
extracted  with  sokition  of  ammonia,  filtered,  evaporated,  and  the  pro- 
duct heated  to  faint  redness  until  the  mass  appears  yellow  or  white 


§  53.]  CHLOEIDE  OF  AMMONIUM.  G3' 

it  is  then  digested  for  several  days  with  nitric  acid  in  the  water  bath,, 
in  order  to  convert  the  phosphoric  acid  which  is  almost  invariably  pre- 
sent in  the  ore  to  the  tribasic  state.  When  the  nitric  acid  is  evapo- 
rated, the  residue  (or  commercial  pure  molybdic  acid)  is  dissolved  in  4 
parts 'of  solution  of  ammonia,  filtered  rapidly,  and  the  filtrate  poured 
into  15  parts  by  weight  of  nitric  acid  of  sp.  gr,  1-20.  The  mixture 
is  allowed  to  remain  several  days  in  a  moderately  warm  place,  which 
will  cause  the  separation  of  any  remaining  traces  of  phosphoric  acid  as- 
phospho-molybdate  of  ammonia.  The  colourless  solution  is  decanted 
from  the  precipitate,  and  kept  for  use.  If  heated  to  40°,  no  white  pre- 
cipitate (molybdic  acid  or  an  acid  salt  of  the  same)  will  separate; 
but  if  the  temperature  is  raised  beyond  that  point  this  will  at  once 
take  place  unless  more  nitric  acid  be  added  (Eggertz). 

l^ses. — Phosphoric  acid  and  arsenic  acid  form  with  molybdic  acid 
and  ammonia  peculiar  yellow  compounds  which  are  almost  absolutely 
insoluble  in  the  nitric  acid  solution  of  molybdate  of  ammonia.  The 
phosphoric  acid  compound  is  formed  in  the  cold,  the  arsenic  acid  com- 
pound requires  heat.  Molybdate  of  ammonia  afibrds  therefore  an 
excellent  means  for  detecting  these  acids,  and  more  especially  very 
minute  quantities  of  phosphoric  acid  in  acid  solutions  containing  ferric 
oxide,  alumina,  and  alkaline  earths. 

§  53. 

12.  Chloride  of  Ammonium,  NH^Cl  [NH.ci]. 

Preparation.- — The  white  sublimed  sal  ammoniac  of  commerce  is 
selected ;  if  it  contains  iron,  it  must  be  purified.  For  this  purpose,  some 
chlorine  water  is  added  to  the  boiling  solution,  to  convert  the  feiTous  to 
ferric  chloride,  and  then  ammonia  to  alkaline  reaction,  the  boiling  being- 
continued  until  the  alkaline  reaction  has  almost  disappeared  ;  the  preci- 
pitate is  then  allowed  to  subside,  and  the  solution  filtered  and  evaporated 
until  it  crystallizes.  For  use,  1  part  of  the  salt  is  dissolved  in  8  parts 
of  water. 

Tests. — Solution  of  chloride  of  ammonium  should  leave  no  fixed 
residue  when  evaporated  on  a  platinum  spatula.  Sulphide  of  ammo- 
nium should  have  no  action  on  it,  and  it  must  be  perfectly  neutral  to 
test  paper. 

Uses. — Chloride  of  ammonium  serves  principally  to  retain  in  solution 
certain  oxides  (such  as  protoxide  of  manganese,  magnesia)  or  salts  (such 
as  tartrate  of  lime)  when  other  oxides  or  salts  are  to  be  precipitated 
by  ammonia  or  some  other  reagent.  This  application  of  chloride  of 
ammonium  is  based  upon  the  tendency  of  ammonia  salts  to  form  double 
compounds  with  other  salts.  Chloride  of  ammonium  serves  also  to 
distinguish  between  precipitates  possessed  of  similar  properties;  for 
instance,  to  distinguish  the  basic  phosphate  of  magnesia  and  ammonia, 
which  is  insoluble  in  chloride  of  ammonium,  from  other  precipitates  of 
magnesia.  It  is  used  also  to  precipitate  from  their  solutions  in  potassa 
various  substances  which  are  soluble  in  that  alkali,  but  insoluble  in 
ammonia ;  such  as  alumina,  sesquioxide  of  chromium,  &c.  In  this 
process,  the  elements  of  the  chloride  of  ammonium  react  with  those  of 
the  potassa,  chloride  of  potassium,  water,  and  ammonia  being  formed. 
Chloride  of  ammonium  is  used  also  as  a  special  reagent  in  the  precipi- 
tation of  platinum  as  platinochloride  of  ammonium. 
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13.  Cyanide  of  Potassium,  KC,N  =  KCy  [KCN]. 

Preparation. — Commercial  ferrocyanide  of  potassium  (perfectly  free 
from  sulphate  of  potassa)  is  gently  heated,  with  stirring,  until  the  water 
of  crystallization  is  completely  expelled ;  it  is  then  powdered,  and  8  parts 
mixed  with  3  parts  of  perfectly  dry  carbonate  of  potassa ;  the  mixture 
is  fused  in  a  covered  Hessian  crucible  or,  better  still,  in  a  covered  iron 
pot,  until  the  mass  is  in  a  faint  glow,  appears  clear,  and  a  sample  of  it, 
taken  out  with  a  heated  glass  or  iron  rod,  looks  perfectly  white,  I'he 
crucible  is  then  removed  from  the  fire,  tapped  gently,  and  allowed  to 
cool  a  little  until  the  evolution  of  gas  has  ceased ;  the  fused  cyanide  of 
potassium  is  poured  into  a  heated  tall,  crucible-shaped  vessel  of  clean 
iron  or  silver,  or  into  a  moderately  hot  Hessian  crucible,  with  care,  so 
as  to  prevent  any  of  the  minute  particles  of  iron  which  have  separated 
in  the  process  of  fusion  and  have  subsided  to  the  bottom  of  the  crucible 
from  running  out  with  the  cyanide.  The  product  is  allowed  to  cool 
slowly  in  a  somewhat  warm  place.  The  cyanide  of  potassium  prepared 
in  this  way  is  well  adapted  for  analytical  purposes,  although  it  contains 
carbonate  and  cyanate  of  potassa  ;  when  dissolved  in  water,  the  latter  is 
converted  into  carbonate  of  ammonia  and  carbonate  of  potassa ; 

KO,C,NO  +  4H0  =  KO,CO,  +  NHp,CO, 
[2KCNO  +  4H2O  =  K,C03  +  (N  H,),C03]. 
The  cyanide  should  be  kept  in  the  solid  form  in  a  well-stoppered  bottle, 
and  when  required  for  use  1  part  of  it  is  dissolved  in  4  parts  of  water, 
without  application  of  heat.  The  mixture  of  the  cyanides  of  potassium 
and  sodium  obtained  by  svibstituting  2  parts  of  dry  carbonate  of  soda 
for  the  3  parts  of  carbonate  of  potassa  may  also  be  employed. 

Tests. — Cyanide  of  potassium  should  be  milk-white  and  quite  free 
from  particles  of  iron  or  charcoal.  It  should  dissolve  completely  in 
water  to  a  clear  liquid.  It  must  be  free  from  silicic  acid  and  sulphide  of 
potassium ;  the  precipitate  which  salts  of  lead  produce  in  its  solution 
should  therefore  be  white,  and  the  residue  which  its  solution  leaves  on 
being  supersaturated  with  hydrochloric  acid  and  evaporated,*  should 
dissolve  completely  in  water  to  a  clear  solution.  If  fused  with  pure 
carbonate  of  soda  in  a  gentle  current  of  dry  carbonic  acid  in  a  tube 
of  glass  free  from  arsenic,  it  should  not  give  the  slightest  indication 
of  an  arsenical  mirror  (see  §  132,  12). 

Uses. — Cyanide  of  potassium  prepared  in  the  mannefr  described  pro- 
duces in  the  solutions  of  most  of  the  salts  of  metallic  oxides  precipitates 
of  cyanides  of  the  metals,  or  of  oxides  or  carbonates.  The  precipitated 
cyanides  are  soluble  in  cyanide  of  potassium,  and  may  therefore  by 
further  addition  of  the  i-eagent  be  separated  from  the  oxides  or 
carbonates  which  are  insoluble  in  cyanide  of  potassium.  Some  of  the 
metallic  cyanides  redissolve  invariably  in  the  cyanide  of  potassium  as 
double  cyanides,  even  in  presence  of  free  hydrocyanic  acid  and  on 
boiling ;  whilst  others  combine  with  cyanogen  to  form  new  radicles, 
which  remain  in  solution  in  combination  with  the  potassium.  The 
most  common  compounds  of  the  latter  kind  are  cobalticyanide  of 
potassium  and  ferro-  and  ferricyanide  of  potassium.    These  differ  from 

*  This  snpersaturation  with  hydrochloric  acid  is  attended  with  disengagement 
of  hydrocyanic  acid. 
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tlie  double  cyanides  particularly  in  that  dilute  acids  fail  to  precipitate 
the  metallic  cyanides  which  they  contain.  Cyanide  of  potassium  may 
iiccorchno-ly  be  used  to  separate  the  metals  which  form  compound- 
radicles,1from  others  the  cyanides  of  which  are  precipitated  on  adding 
an  acid  to  their  solution  in  cyanide  of  potassium.  In  the  course  of 
analysis,  this  reagent  is  of  great  importance,  as  it  serves  to  separate 
cobalt  from  nickel ;  also  copper  from  cadmium,  the  sulphide  of  the 
former  being  soluble  in  it,  whilst  that  of  the  latter  is  insoluble. 

§  55. 

14.  Ferrocyanide  of  Potassium, 

2E:,C3N3Fe  =  2K,Cfy  [K,Fe  (CN),]. 
Crystallized,  2K,Cfy  +  3aq  [K,Cfy,3KO]. 

Preparation. — Commercial  ferrocyanide  of  potassium  is  sufliciently 
pure.    1  part  of  the  salt  is  dissolved  in  12  parts  of  water  for  use. 

Uses. — ^With  most  metals,  ferrocyanogen  forms  compounds  insoluble 
in  water,  which  frequently  exhibit  highly  characteristic  colours.  These 
ferrocyanides  are  formed  when  ferrocyanide  of  potassium  is  brought 
into  contact  with  soluble  salts  of  metallic  oxides,  with  chlorides,  &c.,  the 
potassium  changing  places  with  the  metals.  Ferrocyanide  of  copper 
and  ferrocyanide  of  iron  exhibit  the  most  characteristic  colours  of  all : 
ferrocyanide  of  potassium  serves  therefore  particularly  as  a  test  for 
■oxide  of  copper  and  ferric  oxide. 

§  56. 

16.  Ferricyanide  of  Potassium, 

3K,C,2NeFe,=  3K,Cfdy  [K,Fe,(CN),J. 

Preparation.—G\AoY\nB  gas  is  passed  slowly  into  a  solution  of  1  part 
•of  ferrocyanide  of  potassium  in  10  parts  of  watei-,  with  frequent  stirring, 
until  the  solution  exhibits  a  fine  deep  red  colour  by  transmitted  light 
(a  candle-Hght  is  best),  and  a  sample  of  the  solution  no  longer  yields 
a  blue  precipitate  with  a  solution  of  ferric  chloride,  but  imparts  a 
brownish  tint  to  it.  The  solution  is  then  concentrated  in  an  evaporating 
dish  to  \  of  its  weight,  and  put  aside  to  crystallize.  On  further 
evaporation,  the  mother  liquor  will  yield  a  second  crop  of  crystals. 
The  whole  of  the  crystals  obtained  are  dissolved  in  3  parts  of  water, 
filtered  if  necessary,  the  solution  evaporated  quickly  to  half  its  volume, 
and  again  allowed  to  crystallize.  Whenever  required  for  use,  a  few  of 
the  crystals,  which  are  of  a  splendid  red  colour,  are  dissolved  in  a  little 
water.  The  solution,  if  exposed  to  light,  is  decomposed,  ferrocyanide  of 
potassium  is  formed  and  a  blue  precipitate  is  deposited ;  as  already 
observed,  the  solution  should  not  give  either  a  blue  precipitate  or  a  blue 
colour  with  a  solution  of  ferric  chloride. 

Uses. — Ferricyanide  of  potassium  reacts  with  solutions  of  metallic 
oxides  in  the  same  manner  as  ferrocyanide  of  potassium.  Of  the  metallic 
ferricyanides,  ferrous  ferricyanide  is  more  particularly  characterized  by 
its  colour,  and  ferricyanide  of  potassium  therefore  is  used  principally  as 
a  test  for  ferrous  oxide. 

<2UAL.  p 
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§  57. 

16.  Siilphocyanate  or  Thiocyanate  of  Potassium, 

E:,C,NS,orK,CyS,  [KCNS]. 

Preparation. — 4G  parts  of  anhydrous  fen-ocyanide  of  potassium  are 
mixed  with  17  parts  of  carbonate  of  potassa  and  32  parts  of  sulphur: 
the  mixture  is  introduced  into  an  iron  pot  provided  with  a  lid,  and 
fused  over  a  gentle  fire ;  the  same  temperature  is  maintained  until  the 
swelling  of  the  mass  which  occurs  at  first  has  completely  subsided  and 
the  whole  is  in  a  state  of  tranquil  fusion ;  the  temperature  is  now 
increased,  towards  the  end  of  the  operation,  to  low  redness,  in  order  to 
decompose  the  hyposulphite  of  potassa  which  is  formed  in  the  process. 
The  product  is  poured  out  on  to  a  clean  iron  plate,  broken  up,  and  boiled 
repeatedly  with  alcohol  of  from  80  to  90  per  cent.  On  cooling,  pai-t  of 
the  sulphocyanide  of  potassium  separates  in  colourless  crystals ;  and  the 
remainder  may  be  obtained  by  distilling  off  the  alcohol  from  the  mother 
liquor.    1  part  of  the  salt  is  dissolved  in  10  parts  of  water  for  use. 

Tests. — Solution  of  sulphocyanate  of  potassium  must  remain  per- 
fectly colourless  when  mixed  with  perfectly  pure  dilute  hydrochloric 
acid. 

Uses. — Sulphocyanate  of  potassium  is  used  for  the  detection  of 
ferric  oxide,  for  which  it  is  a  most  characteristic  and  delicate  test,  sur- 
passing all  others  in  this  respect.  It  is  also  useful  for  detecting  and 
separating  copper,  which  it  throws  down  as  white  cuprous  sulphocyanate 
from  cupric  solutions  to  which  sulphurous  acid  has  been  added. 

h.  Salts  of  the  Alkaline  Earths. 
§  58. 

1.  Chloride  of  Barium,  BaCl  [BaCij. 
Crystallized,  BaCl  +  2aq  [BaCI„2H,0]. 

Prep>aration. — a.  From  heavy  spar.  Crude  sulphide  of  barium 
is  prepared  by  the  long-continued  heating  of  a  mixture  of  8  parts 
of  pulverized  sulphate  of  baryta,  2  parts  of  charcoal  in  powder,  and 
1  part  of  common  resin.  About  -^^  of  the  crude  sulphide  is  boiled  with 
4  times  its  weight  of  water,  and  hydrochloric  acid  added  until  the 
effervescence  due  to  the  escape  of  sulphuretted  hydrogen  has  ceased,  and 
the  solution  has  a  slightly  acid  reaction  :  the  remaining  part  of  the 
sulphide  of  barium  is  now  added,  the  whole  boiled  some  time  longer, 
filtered,  the  filtrate  acidified  with  hydrochloric  acid,  heated  for  some 
time,  again  filtered,  and  put  aside  to  crystallize.  The  dried  crystals 
are  dissolved  in  water,  and  recrystallized. 

h.  From  witherite.  10  parts  of  water  are  poured  on  to  1  part 
of  pulverized  witherite,  and  crude  hydrochloric  acid  gradually  added 
until  the  witherite  is  almost  entirely  dissolved ;  a  little  more  finely 
pulverized  witherite  is  now  added,  and  the  solution  heated  with  frequent 
stirring,  until  it  has  entirely  or  very  nearly  lost  its  acid  reaction ;  solu- 
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tioii  of  sulphide  of  barium  is  added  as  long  as  a  precipitate  forms,  the 
latter  is  separated  by  filtration  and  the  clear  liquid  evaporated  to  crystal- 
lization. After  the  chloride  of  barium  has  been  purified  by  recrystal- 
lization,  1  part  of  it  is  dissolved  in  10  parts  of  water. 

Tests. — Pure  chloride  of  barium  should  not  alter  vegetable  colours ; 
its  solution  should  not  be  coloured  or  precipitated  by  sulphuretted 
hydrogen,  or  by  sulphide  of  ammonium.  Pure  sulphuric  acid  must 
precipitate  the  whole  of  the  fixed  matter  in  it,  so  that  the  filtrate  from 
the  precipitate  formed  should  not  leave  the  slightest  residue  when 
evaporated  on  platinum  foil  and  heated  to  low  redness.  If  it  does 
(sulphate  of  strontia  or  lime),  it  may  be  purified  by  dissolving  it  in  2 
parts  of  hot  water,  adding  twice  the  volume  of  spirit,  washing  the 
crystalline  precipitate  with  spirit,  and  drying  it. 

Uses. — Baryta  forms  soluble  compounds  with  many  acids,  and  with 
others  insoluble  compounds.  This  property  alfords  a  means  of  dis- 
tinguishing the  former  acids,  which  are  not  precipitated  by  chloride  of 
barium,  from  the  latter,  which  yield  a  precipitate  with  this  reagent. 
The  precipitated  salts  of  baryta  vary  in  their  behaviour  with  acids.  By 
treating  these  salts  with  acids,  therefore,  we  are  enabled  to  subdivide 
the  group  of  precipitable  acids  and  even  to  detect  certain  individual 
acids.  This  makes  chloride  of  barium  one  of  the  most  important 
reagents  not  only  for  distinguishing  between  certain  groups  of  acids, 
but  especially  for  the  detection  of  sulphuric  acid. 


§  59. 

2.  Nitrate  of  Baryta,  BaO,^©^  [BaCNO,),]. 

Preparation.— Q&xboxia.te  of  baryta,  either  witherite  or  that  precipi- 
tated by  carbonate  of  soda  from  solution  of  sulphide  of  barium  is 
dissolved  with  dUute  nitric  acid  free  from  chlorine,  and  the  solution 
treated  exactly  as  described  in  the  preparation  of  chloride  of  barium  from 
witherite.    For  use,  1  part  of  the  salt  is  dissolved  in  15  parts  of  water. 

lests.—'^obxtion  of  nitrate  of  baryta  should  not  be  rendered  turbid 
by  solution  of _  nitrate  of  sHver.  The  other  tests  are  the  same  as  for 
chloride  oi  barium. 

C'-ses  — Nitrate  of  baryta  is  used  instead  of  chloride  of  barium  in 
cases  where  it  is  desirable  to  avoid  the  introduction  of  a  chloride  into 
the  solution. 


§  60. 

3.  Carbonate  of  Baryta,  BaO,CO,  [Baco,]. 

Preparation.-Qvysi^llM  chloride  of  barium  is  dissolved  in  water 
heated  to  boiling,  and  a  solution  of  carbonate  of  ammonia  mixed^w'th 
some  caustic  ammonia  is  added  as  long  as  a  precipitate  is  formed  Xn 
the  precipitate  has  subs  ded,  it  is  washed  by  decantation  five  oT  six 
times,  transferred  to  a  filter,  and  then  washed  until  the  washilt  watS 
IS  no  longer  rendered  turbid  by  solution  of  nitrate  of  s'w  The 
precipita  e  IS  made  into  a  cream  with  water,  and  the  mixture  lent  in  ! 
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Tests. — Pure  sulphuric  acid  should  precipitate  the  whole  of  tlie 
fixed  matter  from  a  solution  of  carbonate  of  baryta  in  hydrochloric  acid 
(compare  §  36). 

Uses. — Carbonate  of  baryta  completely  decomposes  the  solutions  of 
certain  metallic  oxides,  such  as  sesquioxide  of  iron,  or  alumina,  precipi- 
tating from  them  the  whole  of  the  oxide  as  hydrate  and  basic. salt;  there 
is  another  class  of  metalHc  salts  which  is  not  precipitated  by  it.  It 
serves,  therefore,  to  separate  the  former  from  the  latter,  and_  affords 
an  excellent  means  of  eflfecting  the  separation  of  ferric  oxide  and 
alumina  from  protoxide  of  manganese,  oxide  of  zinc,  lime,  magnesia,  &c. 
It  must  be  borne  in  mind,  however,  that  these  oxides  must  not  be 
present  as  sulphates,  for  in  that  case  carbonate  of  baryta  would  also 
precipitate  the  latter  bases  from  the  solution. 

§  61. 

4.  Sulphate  of  Lime,  CaO,S03  [CaSOj. 
Crystallized,  CaO,S03  +  2aq  [CaS0„2H,0]. 

Preparation.— VoyfdLQYed.  crystallized  gypsum  (selenite)  is  digested 
and  shaken  with  water  for  some  time ;  the  undissolved  portion  is  allowed 
to  subside,  and  the  clear  solution  is  decanted  and  kept  for  use. 

^565 —Sulphate  of  lime,  being  a  sparingly  soluble  salt,  is_  a  con- 
venient agent  in  cases  where  it  is  wished  to  apply  a  solution  of  a  lime  salt 
or  of  a  sulphate  of  a  definite  degree  of  dilution.  As  a  chlute  solution  of 
a  lime  salt,  it  is  used  for  the  detection  of  oxalic  acid  ;  whilst  as  a  dilute 
solution  of  a  sulphate  it  afi'ords  an  exceUent  means  of  distinguisliing 
between  baryta,  strontia,  and  lime. 


§  62. 

6.  Chloride  of  Calcium,  CaCl  [CaCl,]. 
Crystallized,  CaCl  +  6aq  [CaCl,,6H,0]. 

Preparation. — 1  part  of  crude  hydrochloric  acid  is  diluted  with  G 
parts  of  water,  and  marble  or  chalk  is  added  to  the  dilute  acid  as  long 
as  it  is  dissolved ;  some  hydrate  of  lime  is  now  added,  and  then  sul- 
phuretted hydrogen  water  until  a  filtered  portion  of  the  mixture  is  no 
longer  altered  by  sulphide  of  ammonium.  The  vessel  is  covered  and 
allowed  to  remain  at  a  gentle  heat  for  12  hours;  it  is  then  filtered, 
the  filtrate  exactly  neutralized,  concentrated  by  evaporation,  and  left  to 
crystaUize.  The  crystals  are  put  to  drain,  and  1  part  of  the  salt  is 
dissolved  in  5  parts  of  water  for  use.  ,     , ,  ,  ^ 

rfQsts  Solution  of  chloride  of  calcium  should  be  perfectly  neutral, 

and  neither  be  coloured  nor  precipitated  by  sulphuretted  hydrogen  or 
by  sulphide  of  ammonium;  it  ought  not  to  evolve  ammonia  when  mixed 
with  hydrate  of  potassa  or  hydrate  of  lime.  _  _ 

Uses  —In  its  action  and  application,  chloride  of  calcium  is  analogous 
to  chloride  of  barium.  As  the  latter  reagent  is  used  to  separate  the 
inorganic  acids  into  groups,  in  like  manner  chloride  of  calcuim^  serves  to 
effect  the  separation  of  the  organic  acids  into  groups,  since  it  precipi- 
tates some  of  them,  whilst  it  forms  soluble  compounds  with  otlicrs. 
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And,  as  is  tlie  case  with  the  bcaryta  precipitates,  the  different  conditions 
under  which  the  various  insohible  lime  salts  are  thrown  down  enables 
us  to  subdivide  the  group  of  precipitable  acids. 

§  63. 

6.  Sulphate  of  Magnesia,  MgO,SO,  [MgSOj. 

Crystallized,  MgO,S03  +  7aq  [MgS0„7H,0]. 

Fre2)aration. — 1  part  of  commercial  sulphate  of  magnesia  is  dissolved 
in  10  parts  of  water;  if  the  salt  is  not  perfectly  pure,  it  should  be 
recrystallized. 

Tests. — Sulphate  of  magnesia  should  have  a  neutral  reaction.  Its 
solution,  mixed  with  a  sufficient  quantity  of  chloride  of  ammonium, 
should  not  appear  clouded  or  tinged  by  pure  ammonia,  or  by  carbonate 
or  oxalate  of  ammonia,  or  by  sulphide  of  ammonium,  even  after  the 
lapse  of  half  an  hour. 

l/ses. — Sulphate  of  magnesia  is  used  almost  exclusively  for  the 
detection  of  phosphoric  acid  and  arsenic  acid,  which  it  precipitates  from 
aqueous  solutions  of  phosphates  and  arsenates,  in  presence  of  ammonia 
and  chloride  of  ammonium,  in  the  form  of  almost  absolutely  insoluble, 
highly  characteristic  double  salts  (basic  phosphate  or  basic  arsenate  of 
magnesia  and  ammonia).  Sulphate  of  magnesia  is  also  employed  to  test 
sulphide  of  ammonium  (see  §  40). 

c.  Salts  of  the  Oxides  of  the  Heavy  Metals. 

§  64. 

1.  Perrons  Sulphate  or  Sulphate  of  Protoxide  of  Iron, 

reO,S03  [FeSOJ.  Crystallized,  FeO,S03  +  7aq  [FeS0„7H,0]. 

Fre2Kirat{o7i. — Iron  in  the  form  of  nails  free  from  rust,  or  clean  iron 
wire,  is  heated  with  dilute  sulphuric  acid  until  the  evolution  of  hydrogen 
ceases,  taking  care  to  keep  the  iron  in  excess ;  the  solution  is  concen- 
trated, filtered,  a  few  drops  of  dilute  sulphuric  acid  added  to  the 
filtrate,  and  it  is  then  allowed  to  cool.  The  crystals  which  are  deposited 
are  washed  with  water  very  slightly  acidified  with  sulphuric  acid,  dried 
and  kept  for  use.  Fei-rous  sulphate  may  also  be  prepared  from  the 
solution  obtained  when  sulphide  of  iron  is  dissolved  in  dilute  sulphuric 
acid,  as  in  the  process  of  evolving  sulphuretted  hydrogen. 

I'ests. — The  crystals  of  ferrous  sulphate  should  be  of  a  fine  pale-green 
colour.  Crystals  that  have  been  more  or  less  oxidized  by  the  action  of 
the  air,  and  give  a  brownish-yellow  solution  when  treated  with  water, 
leaving  basic  ferric  sulphate  undissolved,  must  be  rejected.  Sulphu- 
retted hydrogen  should  not  precipitate  solution  of  ferrous  sulphate  after 
it  has  been  acidified  with  hydrochloiic  acid,  or  even  impart  a  blackish 
tint  to  it. 

Uses. — Ferrous  sulphate  has  a  great  tendency  to  absorb  oxygen,  and 
to  be  converted  into  the  ferric  sulphate  ;  it  acts  therefore  as  a  powerful 
reducing  agent.  It  is  employed  principally  for  the  reduction  of  nitric 
acid,  from  which  it  separates  nitric  oxide  by  withdrawing  three  atoms 


70 


NITRATE  OF  SILVEE. 


of  oxygen  from  it ;  the  decomposition  of  the  nitric  acid  being  attended 
in  this  case  with  the  foi-mation  of  a  very  deep  brownish-black  com- 
pound of  nitric  oxide  with  a  portion  of  the  undecomposed  salt  of  the 
protoxide  of  iron  :  this  reaction  afFoi-ds  a  particularly  characteristic  and 
delicate  test  for  the  detection  of  nitric  acid.  Ferrous  sulphate  is  also 
used  to  detect  hydroferricyanic  acid,  with  which  it  produces  a  kind  of 
Prussian  blue,  and  also  to  precipitate  metallic  gold  from  solutions  of  the 
salts  of  that  metal. 

§  65. 

2.  Ferric  Chloride  or  Sequichloride  of  Iron, 

Fe,Cl3  [Fe,CI„]. 

Preparation. — A  mixture  of  10  parts  of  water  and  1  part  of  pure 
hydrochloric  acid  is  heated  in  a  flask  with  small  iron  nails  until  no 
further  evolution  of  hydrogen  is  observed,  even  after  adding  the  nails  in 
excess ;  the  solution  is  filtered  into  another  flask,  and  chlorine  gas  passed 
into  it  with  frequent  shaking,  until  the  solution  no  longer  produces  a 
blue  precipitate  with  ferricyanide  of  potassium ;  it  is  then  heated  until 
the  excess  of  chlorine  is  expelled.  The  solution  is  diluted  until  it  is 
twenty  times  the  weight  of  the  iron  dissolved,  and  kept  for  use. 

Tests. — Solution  of  ferric  chloride  should  not  contain  an  excess  of 
acid  ;  this  may  be  readily  ascertained  by  stirring  a  diluted  sample  of  it 
with  a  glass  rod  dipped  in  ammonia,  when  the  absence  of  any  excess  of 
acid  will  be  proved  by  the  formation  of  a  precipitate  which  shaking  the 
vessel  or  agitating  the  liquid  fails  to  redissolve.  Feri-icyanide  of  jjotas- 
sium  should  not  impart  a  blue  colour  to  it. 

Uses. — Ferric  chloride  is  used  for  subdividing  the  group  of  organic 
acids  which  chloride  of  calcium  fails  to  precipitate,  as  it  produces  pre- 
cipitates in  solutions  of  benzoates  and  succinates,  but  not  in  cold  solu- 
tions of  acetates  and  formates.  The  aqueous  solutions  of  the  neutral 
acetate  and  formate  of  sesquioxide  of  iron  exhibit  an  intense  red  colour ; 
ferric  chloride  is  therefore  a  useful  agent  for  detecting  acetic  acid  and 
formic  acid.  Ferric  chloride  is  exceedingly  useful  for  effecting  the  decom- 
position of  phosphates  of  the  alkaline  earths  (see  §  142,  9) ;  and  it  serves 
also  for  the  detection  of  hydroferrocyanic  acid,  with  which  it  jjroduces 
Prussian  blue. 

§  66. 

3.  Nitrate  of  Silver,  AgO,NO,  [AgNO,]. 

Preparation. — 1  part  of  the  pure  commercial  salt  is  dissolved  in  20 
parts  of  water. 

Tests. — Dilute  hydrochloric  acid  should  completely  precipitate  all 
the  fixed  matter  from  solution  of  nitrate  of  silver ;  the  filtrate  from  the 
precipitated  chloride  of  silver  therefore  must  leave  no  residue  when 
evaporated  on  a  watch-glass,  and  should  be  neither  precipitated  nor 
coloured  by  sulphuretted  hydrogen.  Solution  of  nitrate  of  silver  should 
have  a  neutral  reaction. 

Uses. — Oxide  of  silver  forms  soluble  compounds  with  some  acids, 
and  with  others  insoluble  compounds.    Nitrate  of  silver,  therefore,  like 
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chloride  of  barium,  is  useful  in  effecting  the  separation  and  classification 
of  acids  into  groups.  ... 

Most  of  the  insoluble  compounds  of  sUver  dissolve  m  dilute  nitric 
iicid ;  chloride,  bromide,  iodide,  and  cyanide,  ferrocyanide,  ferricyanide, 
and  'sulphide  of  silver,  however,  are  insoluble  in  that  menstruum. 
Nitrate  of  silver  is  therefore  an  excellent  reagent  for  distinguishing  and 
separating  the  hydracids  corresponding  with  the  last  enumerated  com- 
pounds of  silver  from  all  other  acids.  Many  of  the  insoluble  salts  of 
silver  are  of  a  pecuHar  colour  (chromate  of  silver,  arsenate  of  sUver), 
or  exhibit  a  characteristic  behaviour  with  other  reagents  or  on  the 
application  of  heat  (formate  of  silver)  ;  nitrate  of  silver  is  therefore  an 
important  agent  for  the  detection  of  certain  acids. 

§  67. 

4.  Acetate  of  Lead,  PbO,C,H303  =  PbO, A  [PbCC.H,©,),]. 
Crystallized,  PbO,C,H303  +  3aq  [Pb{aHp,)„3H,0]. 

The  best  commercial  acetate  of  lead  (sugar  of  lead)  is  sufficiently 
pure  ;  for  use,  1  part  of  the  salt  is  dissolved  in  10  parts  of  water. 

Tests. — Acetate  of  lead  should  dissolve  completely  in  water  acidified 
with  one  or  two  drops  of  acetic  acid ;  the  solution  should  be  quite  clear 
find  colourless ;  sulphuretted  hydrogen  should  throw  down  all  the 
fixed  matter  from  it.  On  mixing  a  solution  of  acetate  of  lead  with  car- 
bonate of  ammonia  in  excess,  and  filtering  the  mixture,  the  filtrate 
should  be  quite  free  from  any  bluish  tint  (copper). 

Uses. — With  a  great  many  acids,  oxide  of  lead  forms  compounds 
insoluble  in  water,  which  are  marked  either  by  peculiarity  of  colour  or 
characteristic  behaviour;  acetate  of  lead  therefore  yields  precipitates 
with  the  solutions  of  these  acids  or  of  their  salts,  and  materially  con- 
tributes to  the  detection  of  several  of  them.  Chromate  of  lead,  for 
instance,  is  characterized  by  its  j'-ellow  colour,  phosphate  of  lead  by  its 
peculiar  behaviour  before  the  blowpipe,  and  malate  of  lead  by  its  ready 
fusibility. 

§  68. 

5,  Mercurous  Nitrate  or  Nitrate  of  Suboxide  of 

Mercury,  HgP,NO^  [Hg.lNOJ,]. 
Crystallized,  Hg,0,N0.  +  2aq  [Hg,(N03)2,2H,0]. 

Preparation. — 1  part  of  pure  nitric  acid  of  1'2  sp.  gr.  is  poured  on 
to  1  part  of  pure  mercury  in  a  porcelain  dish,  and  the  vessel  allowed  to 
remain  for  twenty-four  hours  in  a  cool  place ;  the  crystals  which  are 
formed  are  separated  from  the  undissolved  mercury  and  the  mother 
liquor,  and  dissolved  by  grinding  them  up  in  a  mortar  with  water  which 

has  been  previously  mixed  with  one-sixteenth  part  of  nitric  acid.  The 

solution  is  filtered  and  kept  in  a  bottle  with  some  metalKc  mercury 

sufficient  to  cover  the  bottom  of  the  vessel. 

Tests.- — With  dilute  hydrochloric  acid,  the  solution  of  mercurous 

nitrate  should  give  a  copious  white  precipitate  of  mercvirous  chloride ; 
/sulphuretted  hydrogen  should  produce  no  precipitate  in  the  filtrate  from 

this,  or  at  most  only  a  trifling  black  precipitate  (sulphide  of  mercury). 
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Uses. — Mercurous  nitrate  acts  in  a  manner  analogous  to  the  cor- 
responding silver  salt.  In  the  first  place,  it  precipitates  many  acids,, 
especially  the  hydracids ;  and,  in  the  second  place,  it  serves  for  the 
detection  of  several  readily  oxidizable  bodies,  such  as  formic  acid,  as 
the  oxidation  of  such  bodies,  which  takes  place  at  the  expense  of  the 
oxygen  of  the  suboxide  of  mercury,  is  attended  with  the  highly  charac- 
teristic separation  of  metallic  mercury. 

§  69, 

6.  Mercuric  Chloride  or  Chloride  of  Mercury, 

HgCl  [HgCI,]. 

Commercial  mercuric  chloride  is  sufficiently  pure.  For  use,  1  part 
of  the  salt  is  dissolved  in  1 6  parts  of  water. 

Uses. — Mercuric  chloride  gives  with  several  acids,  for  example, 
hydriodic  acid,  characteristic  coloured  precipitates,  and  may,  therefore, 
be  used  for  the  detection  of  these  acids.  It  is  an  important  agent  in 
the  detection  of  tin  where  that  metal  is  in  solution  in  the  state  of 
protochloride  ;  if  the  smallest  quantity  of  that  compound  be  present  the- 
addition  of  excess  of  mercuric  chloride  to  the  solution  wUl  be  followed 
by  separation  of  mercurous  chloride  insoluble  in  water.  In  like 
manner,  mercuric  chloride  may  be  used  to  detect  formic  acid. 

§  70. 

7.  Sulphate  of  Copper,  CuO,S03  [CuSOj. 

Crystallized,  CuOjSOa  +  5aq  [CuSO^.BHjO]. 

Preparation. — This  reagent  may  be  obtained  in  a  state  of  great 
purity  from  the  residue  remaining  in  the  flask  in  the  process  of  pre- 
paring bisulphite  of  soda  (§  48),  by  treating  it  with  water,  applying: 
heat,  filtering,  adding  a  few  drops  of  nitric  acid,  boiling  the  solution  for 
some  time,  allowing  it  to  crystallize,  and  purifying  the  salt  by  recrys- 
tallization.    For  use,  1  part  of  the  salt  is  dissolved  in  10  parts  of  water. 

Tests. — After  precipitation  by  sulphuretted  hydrogen,  ammonia  and 
sulphide  of  ammonium  must  leave  the  filtrate  iTnaltered. 

Uses. — Sulphate  of  copper  is  employed  in  qualitative  analysis  to  pre- 
cipitate hydriodic  acid  as  subiodide  of  copper.  For  this  purpose  the 
solution  of  1  part  of  sulphate  of  copper  is  mixed  with  1\  parts  of 
ferrous  sulphate,  otherwise  half  of  the  iodide  would  be  separated  in 
the  free  state.  The  protoxide  of  iron  during  the  reaction  is  changed 
to  sesquioxide,  at  the  expense  of  the  oxygen  of  the  oxide  of  copper,  the- 
latter  being  reduced  to  the  state  of  suboxide.  Sulphate  of  copper  is 
used  also  for  the  detection  of  arsenious  and  arsenic  acids ;  it  serves, 
likewise  as  a  test  for  the  soluble  ferrocyanides. 
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§  71. 

8.  stannous  Chloride  or  Protochloride  of  Tin, 
SnCl  [SnCg.    Crystallized,  SnCl  +  2aq  [SnCL,2H,0]. 

I'reparation.—Gmin  tin  is  reduced  to  powder  by  means  of  a  file,  or 
1)V  fusing  it  in  a  small  porcelain  dish,  removing  it  from  the  fire,  and 
trituratino-  with  a  pestle  until  the  tin  again  becomes  solid.*"  The 
granulated  or  powdered  tin  is  boiled  for  some  time  with  concentrated 
hydrochloric  acid  in  a  flask  (taking  care  always  to  have  an  excess  pf  tm 
in  the  vessel)  until  the  evolution  of  hydrogen  ceases  almost  entirely 
the  solution  is  then  diluted  with  4  times  the  quantity  of  water  shghtly 
acidified  with  hydrochloric  acid,  and  filtered.  The  filtrate  is  kept  for- 
use  in  a  well-stoppered  bottle  containing  some  small  pieces  of  granulated 
tin,  or  some  pui-e  tin-foil.  If  these  precautions  are  neglected,  the  proto- 
chloride will  soon  change  to  bichloride,  with  separation  of  white  oxy- 
chloride  of  tin,  and  the  reagent  will  be  \mfit  for  use. 

"Tests. — When  solution  of  stannous  chloride  is  added  to  excess  of 
solution  of  chloride  of  mercury,  it  should  immediately  produce  a  white' 
precipitate  of  mercurous  chloride;  when  treated  with  sulphuretted 
hydrogen,  it  should  give  a  dark  brown  precipitate ;  it  should  not  be 
precipitated  or  rendered  turbid  by  sulphuric  acid.  If  the  stannous, 
chloride  solution  is  heated  with  10  times  its  volume  of  pure  fuming 
hydrochloric  acid,  it  should  not  turn  brown  (arsenic). 

Vses.— The  great  tendency  of  stannous  chloride  to  absorb  oxygen,, 
and  thus  to  form  binoxide,  or  rather  stannic  chloride — as  the  binoxide 
in  the  moment  of  its  formation  reacts  with  the  free  hydrochloric  acid 
present — makes  this  substance  a  most  powerful  reducing  agent.  It  is 
more  particularly  suited  to  remove  the  part  or  the  whole  of  the  chlorine 
from  chlorides.  It  is  employed  in  the  course  of  analysis  as  a  test  for- 
mercury ;  also  for  the  detection  of  gold. 

§  72. 

9.  Hydrochloride  of  Platinum,  HCl,PtCl,  [H,PtC!„]. 

Crystallized,  HCl,PtCl2  +  6aq  [H,PtCI„,6H,0]. 

Prejjaration. — Platinum  cHppings,  purified  by  boiling  with  nitric 
acid,  are  treated  with  concentrated  hydrochloric  acid  and  some  nitric 
acid  in  a  narrow-necked  flask,  applying  a  very  gentle  heat,  and  adding 
fresh  portions  of  nitric  acid  occasionally,  until  the  platinum  is  entirely 
dissolved.  The  solution  is  evaporated  on  the  water-bath,  with  addition- 
of  hydrochloric  acid,  and  the  semifluid  residue  dissolved  in  10  parts  of 
water  for  use. 

Tests. — Chloride  of  platinum,  when  evaporated  to  dryness  in  the  water- 
bath,  should  leave  a  residue  which  dissolves  completely  in  spirit  of  wine. 

Uses. — Chloride  of  platinum  forms  very  spai-ingly  soluble  double 
salts  with  chloride  of  potassium  and  chloride  of  ammonium,  but  not 
with  chloride  of  sodium  ;  it  serves  therefore  to  detect  ammonia  and 
potassa,  and  may,  indeed,  be  looked  upon  as  the  most  delicate  I'eagent 
for  the  latter  substance  in  the  wet  way. 

*  It  is  far  more  convenient  to  use  graniilcatecl  tin,  whicli  may  be  readily  ob- 
tained by  melting  the  metal  in  a  crucible  or  dish,  and  pouring  it  into  a  basin  of 
■water  from  the  height  of  a  foot  or  so. — [Editor.] 


74 


HYDROCHLORIDE  OF  GOLD. 


[§§  73,  74,  75. 


§  73. 

10.  Palladiochloride  of  Sodium,  NaCl,PclCl  [NaPidClj. 

Five  parts  of  palladium  are  dissolved  in  nitrohydrochloric  acid  (comp, 
§  72),  6  parts  of  pure  chloride  of  sodium  added,  and  the  mixture 
■evaporated  to  dryness  on  the  water-bath.  1  part  of  the  double  salt  is 
-dissolved  in  12  parts  of  water  for  use.  The  brownish  solution  affords 
JXQ  excellent  means  for  detecting  and  separating  iodine, 

§74. 

11.  Hydrochloride  of  Gold,  HCl,AuC]3  [HAuCIJ 
Crystallized,  HCl,AuCl3  +  Caq  [HAuCI^,3H,0]. 

Preparation. — Fine  gold  cuttings,  either  pure  or  an  alloy  with  silver 
•or  copper,  are  treated  in  a  flask  with  nitrohydrochloric  acid  in  excess, 
a  gentle  heat  being  apphed  until  no  more  of  the  metal  dissolves : 
the  solution  is  diluted  with  10  parts  of  water.  If  the  gold  was  alloyed 
with  copper — which  is  known  by  the  brownish-red  precipitate  produced 
by  ferrocyanide  of  potassium  in  a  portion  of  the  solution  diluted  with 
water — the  solution  must  be  mixed  with  solution  of  ferrovis  sulphate 
in  excess ;  this  reduces  the  terchloride  to  metallic  gold,  which  sepai-ates 
in  the  form  of  a  fine  brownish-black  jsowder.  The  powder  thus 
obtained  is  washed  with  water  in  a  small  flask,  and  then  redissolved 
in  nitrohydrochloric  acid ;  the  solution  is  evaporated  on  the  water-bath, 
and  the  crystalline  residue  dissolved  in  30  parts  of  water.  If  the  gold 
was  alloyed  with  silver,  the  latter  remains  as  chloride  when  the  alloy 
is  treated  with  nitrohydrochloric  acid  ;  under  these  circumstances,  the 
whole  is  evaporated  on  the  water-bath  with  repeated  addition  of  hydro- 
chloric acid,  and  the  residue  dissolved  in  water  for  use. 

Uses. — Chloride  of  gold  has  a  great  tendency  to  yield  up  its 
chlorine ;  it  therefore  readily  converts  protochlorides  into  higher  chlo- 
rides, and  protoxides,  with  the  simultaneous  action  of  water,  into  higher 
oxides.  These  oxidations  are  usually  indicated  by  the  precipitation  of 
pure  metallic  gold  in  the  form  of  a  brownish-black  powder.  In  the 
course  of  analysis,  this  reagent  is  used  only  for  the  detection  of  protoxide 
•of  tin,  in  the  solutions  of  which  it  produces  a  brownish-red  or  purple 
•<5olour  or  precipitate. 

Y.  Colouring  Matters  and  Indifferent  Vegetable 

Substances. 

§75. 

1.  Test  Papers. 

a.  Blue  Litmus  Paper. 

Preparation. — 1  part  of  litmus  is  digested  with  6  parts  of  water, 
and  the  solution  filtered  ;  the  intensely  blue  filtrate  is  divided  into  2  equal 
parts ;  the  free  alkali  in  the  one  half  is  satui-ated  by  repeatedly  stirring 
the  solution  with  a  glass  rod  dipped  in  very  dilute  sulphuric  acid,  until 
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the  colour  of  the  fluid  just  appears  red ;  the  other  half  of  the  blue 
nitrate  is  then  added,  and  the  whole  poured  into  a  dish ;  slips  of  fine 
unsized  paper  (white  blotting-paper)  are  passed  thi-ough  this  solution, 
iind  then  hung  on  threads  to  dry.  The  colour  of  the  Htmus  paper 
should  be  uniform,  and  neither  too  light  nor  too  dark.  It  must  be 
readily  wetted  by  aqueous  fluids. 

Uses. — The  red  colouring  matters  contained  in  litmus  appear  blue  in 
the  commercial  article,  in  the  aqueous  extract  of  the  same,  and  in  the 
paper  coloured  with  it,  only  from  the  presence  of  alkaline  bases.  If 
any  one  of  the  blue  preparations  comes  in  contact  with  free  acid,  the 
latter  combines  with  the  bases,  and  in  consequence  the  colour  proper  to 
the  natural  litmus  appears.  Litmus  paper  is  therefore  an  excellent 
means  for  the  detection  of  free  acids.  The  power  of  weak  volatile  acids 
to  bind  the  alkaline  bases  is  but  temporary  ;  so  that  when  they  volatilize 
the  blue  colour  again  appears.  It  must  be  borne  in  mind  that  the 
soluble  neutral  salts  of  most  of  the  heavy  metals  also  cause  the  blue 
colour  to  change  to  red. 

|3.  Reddened  Litmus  Paper. 

Preparation. — Blue  solution  of  litmus  is  stirred  with  a  glass  rod 
dipped  in  dilute  sulphuric  acid,  and  the  process  repeated  until  the  solu- 
tion has  just  turned  distinctly  red.  Slips  of  paper  are  dijjped  in  the 
solution,  and  dried  as  in  a.    The  dried  slips  should  be  distinctly  red. 

Uses. — Alkahes  and  alkaline  earths,  and  also  the  sulphides  of  their 
metals,  alkaline  carbonates,  and  the  soluble  salts  of  some  other  weak 
acids,  especially  of  boric  acid,  aU  afibrd  bases  which  combine  with  the 
red  colouring  matters  of  litmus  forming  blue  compounds  similar  to 
those  contained  in  blue  litmus.  Reddened  litmus,  therefore,  is  coloured 
blue  by  the  solutions  of  these  substances,  and  it  serves  for  their  detec- 
tion in  general.  Ammonia  does  not  colour  litmus  paper  permanently 
blue,  so  that  the  natural  red  colour  of  the  litmus  reappears  as  the  alkali 
volatilizes. 

y.  Turmeric  Paper. 

J  Frefaration. — 1  part  of  ground  turmeric  root  is  warmed  and  digested 

with  6  parts  of  weak  spirit  of  wine,  the  tincture  filtered,  and  slips  of 
fine  unsized  paper  are  clipped  in  the  filtrate.    The  dried  slips  should  be 

I     of  a  fine  yellow  tint;  they  must  be  readily  wetted  by  aqueous  fluids. 

Uses. — Tvirmeric  paper  is  used  for  the  same  purpose  as  red  litmus 
paper  for  the  detection  of  free  alkalies,  &c.,  as  they  change  its  yellow 
colour  to  brown.  It  is  not  so  delicate  as  litmus  paper  ;  but  the  change 
of  colour  Ls  highly  characteristic,  and  is  very  distinctly  perceptible  witli 
many  coloured  liquids;  it  cannot,  therefore,  well  be  dispensed  with. 
When  testing  with  turmeric  papei',  it  is  to  be  borne  in  mind  that,  besides 
the  substances  mentioned  in  /3,  other  compounds  (boric  acid,  for 
instance)  possess  the  property  of  turning  its  yellow  colour  to  red, 
especially  on  drying.  It  aff'ords  an  excellent  means  for  the  detection  of 
boric  acid. 

All  test  papers  should  be  cut  into  slips  and  kept  in  small  well- 
dosed  boxes,  or  in  bottles  covered  with  black  paper,  as  the  continued 
action  of  light  destroys  the  colour. 
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2.  Solution  of  Indigo. 

Preparation. — 1  part  of  finely  pulverized  indigo  is  addend  slowly  and 
in  small  portions  at  a  time  to  4-G  parts  of  fuming  sulphuric  acid, 
taking  care  to  keep  the  mixture  well  stirred.  The  acid  at  first  becomes 
of  a  brownish  tint  from  impurities  in  the  indigo  blue,  but  it  subsequently 
turns  deep  blue.  Any  gi-eat  elevation  of  temperature  is  to  be  avoided, 
as  part  of  the  indigo  blue  may  be  thereby  destroyed ;  it  is  advisable,  there- 
fore, when  dissolving  large  quantities  of  the  substance  to  place  the 
vessel  in  cold  water.  When  the  whole  of  the  indigo  has  been  added  to 
the  acid,  the  vessel  is  covered  and  allowed  to  i-emain  forty-eight  hours, 
when  the  contents  are  poured  into  20  times  the  quantity  of  water,  and 
the  whole  mixed,  filtered,  and  the  blue  solution  kept  for  use. 

Uses. — Indigo  is  decomposed  by  boiling  with  nitric  acid,  yellow- 
coloured  oxidation  products  being  formed.  It  serves,  therefore,  for  the 
detection  of  nitric  acid.  Solution  of  indigo  is  also  useful  for  detecting 
chloric  acid  and  free  chlorine. 

B.  KEAGENTS  IN  THE  DEY  WAY. 
I.  Fluxes  and  Decomposing  Agents. 
§  76. 

1.  Mixture  of  Carbonate  of  Soda  and  Carbonate  of 
Potassa  (Fusion  Mixture), 

NaO,CO,  +  KO,CO,  [Na,C03+ K,COJ 

Preparation. — 10  parts  of  purified  bitartrate  of  potassa  in  powder 
are  digested  with  10  parts  of  water  and  1  part  of  hydrochloric  acid  for 
several  hours  on  the  water-bath,  with  frequent  stirring;  the  mass  is 
then  put  into  a  funnel  with  a  small  filter  in  the  point,  and  allowed  to 
di'ain;  the  crystalline  mass  is  then  covered  with  a  disk  of  rather 
difficultly  permeable  filtering  paper  with  upturned  edges,  and  washed  by 
repeatedly  pouring  small  quantities  of  cold  water  on  to  the  filter  paper 
the  washing  being  continued  in  this  way  nntil  the  liquid  which  runs 
through  is  no  longer  rendered  turbid  by  solution  of  nitrate  of  silver, 
after  addition  of  nitric  acid.  The  bitartrate  of  potassa  which  has  been 
freed  from  lime  (and  phosphoric  acid)  by  this  treatment  is  now  dried. 

The  next  thing  is  to  prepare  pure  nitrate  of  potassa.  This  is  done 
by  dissolving  commercial  nitrate  of  potassa  in  half  its  weight  of  boiling 
water,  filtering  the  solution  into  a  porcelain  or  stoneware  dish — a  hot 
funnel  shoiild  be  used— and  stirring  it  well  ^^dth  a  clean  wooden  or 
porcelain  spatula  until  cold.  The  crystalline  powder  is  transferred  to  a 
funnel  loosely  stopped  with  cotton  wool,  allowed  to  drain,  pressed  down 
tightly,  made  even  at  the  top,  and  covered  with  a  double  disk  of 
difficultly  permeable  filtering  paper  with  upturned  edges ;  on  to  this, 
at  intervals,  water  is  poured  in  small  portions  at  a  time  until  the 
washings  are  no  longer  rendered  turbid  by  solution  of  nitrate  of  silver. 
The  contents  of  the  funnel  are  emptied  into  a  porcelain  dish,  dried, 
and  the  mass  reduced  to  a  fine  powder. 
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Two  parts  of  the  purified  bitartrate  of  potassa  are  now  mixed  with 
1  u  vrt  of  the  pure  nitrate  of  potassa,  and  the  perfectly  dry  mixture  is 
proiected  in  small  portions  at  a  time  into  a  clean  scoured  cast-iron  pot 
heated  to  low  redness;  after  the  mixture  has  deflagrated  it  is  heated 
strongly  until  a  sample  yields  a  perfectly  colourless  solution  when 
treated  with  water.  The  charred  mass  is  triturated  with  water,  filtered, 
washed  slightly,  and  the  filtrate  evaporated  in  a  porcelain,  or,  better 
still,  in  a  silver  dish,  until  the  liquid  becomes  covered  with  a  persistent 
pellicle.  The  mixture  is  now  cooled  with  constant  stirring ;  and  the 
crystals  of  carbonate  of  potassa  which  form  are  put  into  a  funnel, 
allowed  to  drain  well,  washed  slightly,  dried  thoroughly  m  a  silver  or 
platinum  dish,  and  kept  in  a  well-stoppered  bottle.  On  evaporation,  the 
mother  Uquor  leaves  a  salt  which,  although  containing  traces  of  alumina 
iind  silicic  acid,  is  still  available  for  many  purposes. 

Pure  carbonate  of  potassa  may  also  readily  be  prepared  from 
commercial  bicarbonate  of  potassa  ;  this  is  powdered,  and  washed  with 
small  quantities  of  water  until  the  washings,  acidified  with  nitric_ acid,  no 
longer  give  the  shghtest  precipitate  with  nitrate  of  silver  or  nitrate  of 
baryta.''  The  powder  is  then  dried,  and  converted  into  the  mono- 
carbonate  by  heating  it  in  a  platinum  or  silver  dish. 

Thirteen  parts  of  the  pure  carbonate  of  potassa  prepared  in  the 
manner  just  described  are  mixed  with  10  parts  of  pure  anhydrous 
carbonate  of  soda,  and  the  mixture  kept  in  a  well-stoppered  bottle. 
The  mixture  of  carbonate  of  potassa  and  carbonate  of  soda  may  also  be 
prepared  by  deflagrating  20  parts  of  pure  bitartrate  of  potassa  with  9 
parts  of  pure  nitrate  of  soda,  treating  with  water,  and  evaporating  the 
solution  to  dryness ;  or  by  igniting  pure  tartrate  of  potassa  and  soda, 
extracting  the  carbonaceous  mass  with  water,  and  evaporating  the  clear 
solution  to  dryness. 

Tests. — The  purity  of  the  mixed  salt  is  tested  as  directed  in  §  46.  To 
detect  any  trace  of  cyanide  of  potassium  that  may  happen  to  be  present, 
a  little  solution  of  proto-sesquioxide  of  iron  is  added,  and  then  hydro- 
chloric acid  in  excess;  a  bluish- green  coloration  of  the  solution  and  the 
formation  of  a  blue  precipitate  after  a  time  will  indicate  the  presence  of 
cyanide  of  potassium. 

ITses. — If  silicic  acid  or  a  silicate  is  fused  with  about  4  parts  (con- 
sequently with  an  excess)  of  carbonate  of  potassa  or  soda,  carbonic  acid 
escapes  with  effervescence,  and  a  basic  alkaline  silicate  is  formed,  which, 
heing  soluble  in  water,  may  be  readily  separated  from  such  metallic 
oxides  as  it  may  contain  in  admixture ;  from  this  basic  alkaline  silicate, 
hydrochloric  acid  separates  the  silicic  acid  as  hydrate.  If  a  fixed  alka- 
line carbonate  is  fused  with  sulphate  of  baryta,  strontia,  or  lime, 
carbonates  of  the  alkaline  earths  and  sulphate  of  the  alkali  are  formed ; 
in  these  new  compounds,  both  the  base  and  the  acid  of  the  originally 
insoluble  salt  may  be  readily  detected.  However,  neither  carbonate  of 
potassa  nor  carbonate  of  soda  is  used  separately  to  efiect  the  decomposi- 
tion of  the  insoluble  silicates  and  sulphates,  but  the  above-described 
mixture  of  both,  because  this  mixture  requires  a  far  lower  degree  of 
heat  for  fusion  than  either  of  its  two  components  ;  this  renders  it  possible 
to  do  the  fusion  over  a  Berzelius  spirit  lamp,  or  over  a  simple  buiisen 
burner.  Tlie  fusion  with  alkahne  carbonates  is  always  done  in  a  plati- 
num crucible,  provided  no  reducible  metallic  oxides  are  preseat. 
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§  77. 

2.  Hydrate  of  Baryta,  BaO,HO  [BaH,Oj]. 

Preparation. — The  crystals  of  baryta  jirepared  in  the  manner  directed 
in  §  3G  are  heated  gently  in  a  silver  or  platinum  dish,  until  the  water 
of  crystallization  is  completely  expelled.  The  residuary  white  mass  is- 
pulverized,  and  kept  for  use  in  a  well-closed  bottle. 

Uses. — Hydrate  of  baryta  fuses  at  a  gentle  red  heat  without  losing 
its  water.  When  silicates  which  resist  decomposition  by  acids  are  fused 
with  about  4  times  their  weight  of  hydrate  of  baryta,  basic  silicates  are 
formed  which  acids  will  decompose.  If,  therefore,  the  fused  mass  is- 
treated  with  water  and  hydrochloric  acid,  the  solution  evaporated  to 
dryness,  and  the  residue  digested  with  dilute  hydrochloric  acid,  the- 
silicic  acid  is  left  behind,  and  the  oxides  are  obtained  in  solution  in  the 
form  of  chlorides.  Hydrate  of  baryta  is  used  as  a  flux  when  we  wish  to 
test  silicates  for  alkalies.  This  reagent  is  preferable  as  a  flux  to  car- 
bonate or  nitrate  of  baryta,  as  it  neither  requires  a  very  high  tem- 
perature for  its  fusion,  as  is  the  case  with  the  carbonate,  nor  does  it 
cause  any  spirting  in  the  fusing  mass,  arising  from  disengagement  of 
gas,  as  is  the  case  with  the  nitrate.  The  fusion  with  hydrate  of  baryta 
is  done  in  silver  or  platinum  crucibles. 

§  78. 

3.  Fluoride  of  Calcium,  CaF  [CaF^]. 

Fluor-spar  as  pure  as  can  be  procured  and,  more  particularly,  free- 
from  alkalies,  is  reduced  to  fine  powder,  and  kept  for  use. 

Uses. — Fluoride  of  calcium  in  conjunction  with  sulphuric  acid  is 
used  to  decompose  silicates  insoluble  in  acids,  and  more  especially  ta 
detect  the  alkalies  which  they  contain.  If  pure  aqueous  hydrofluoric 
acid  (which  must  volatilize  completely  when  heated  in  a  platinum  dish) 
or  pure  fluoride  of  ammonium  is  to  be  had,  they  are  preferable  to 
fluoride  of  calcium  for  decomposing  silicates.  Compare  Section  III, 
SiliciG  acid,  §  150. 

§  79. 

4.  Nitrate  of  Soda,  NaO,NO,  [NaNOg]. 

Preparation. — Pure  nitric  acid  is  exactly  neutralized  with  pure  car- 
bonate of  soda,  and  evaporated  to  crystallization.  The  crystals  are 
dried  thoroughly,  powdered,  and  kept  for  use. 

Tests. — A  solution  of  nitrate  of  soda  should  not  give  any  turbidity 
with  solution  of  nitrate  of  silver  or  nitrate  of  baryta,  nor  be  precijaitated 
by  carbonate  of  soda. 

Uses. — Nitrate  of  soda  is  a  very  powerful  oxidizing  agent,  jdelding 
oxygen  to  combustible  substances  when  heated  with  them.  This  reagent 
is  used  chiefly  to  convert  various  metallic  sulphides,  more  particularly 
the  sulphides  of  tin,  antimony,  and  arsenic,  into  oxides  or  acids ;  also  to 
efiect  the  rapid  and  complete  combustion  of  organic  substances.  For 
the  latter  purpose,  however,  nitrate  of  ammonia  is  sometimes  preferable ; 
it  is  prepared  by  saturating  nitric  acid  with  carbonate  of  ammonia. 
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§  80. 

6.  Acid  Sulphate  of  Potassa,  KO,IIO,2S03  [KHSO,.]. 

Freparation.— 87  parts  of  neutral  sulphate  of  potassa  (§  42)  is  mixed 
with  49  parts  of  pure  concentrated  sulphuric  acid  in  a  platinum  dish  or 
large  platinum  crucible,  and  heated  to  low  redness  until  the  whole  is  in 
a  state  of  calm  fusion  ;  it  is  then  poured  out  into  a  platinum  dish  placed 
in  cold  water,  or  on  to  a  piece  of  porcelain,  and  the  cake  broken  up  mto 
smaller  pieces  and  kept  for  use. 

Tests. — Acid  sulphate  of  potassa  should  dissolve  in  water  with  ease 
to  a  clear  liquid  with  a  strongly  acid  reaction.  The  solution  should  not 
be  rendered  turbid  or  precipitated  by  sulphuretted  hydrogen  or  by 
ammonia  and  sulphide  of  ammonium. 

ITses. — Acid  sulphate  of  potassa  at  the  temperature  of  fusion  dis- 
solves and  decomposes  many  compounds,  which  cannot  be  dissolved  and 
decomposed  by  acids  in  the  wet  way  without  considerable  difficulty,  such 
as  ignited  alumina,  titanic  acid,  chrome  iron  ore,  &c.  This  reagent, 
therefore,  is  useful  for  dissolving  or  decomposing  such  substances.  It 
is  better  to  do  the  fusion  in  platinum  vessels. 

II.  Blowpipe  Reagents. 
§  81. 

6.  Carbonate  of  Soda,  KaO,GO,  [Na.COj. 
Preparation. — See  §  46. 

Uses. — Carbonate  of  soda  is  useful,  in  the  first  place,  to  promote  the 
reduction  of  oxidized  substances  in  the  inner  flame  of  the  blowpipe.  In 
fusing,  it  brings  the  oxides  into  the  most  intimate  contact  with  the  char- 
coal support,  and  enables  the  flame  to  embrace  every  part  of  the  sub- 
stance under  examination.  With  salts  of  the  heavy  metals  the  reduction 
is  preceded  by  separation  of  the  base.  It  co-operates  in  this  process 
also  chemically  by  the  transposition  of  its  constituents  (according  to 
E..  Wagner,  in  consequence  of  the  formation  of  cyanide  of  sodium). 
Where  the  quantity  operated  on  is  very  minute,  the  reduced  metal  is 
often  found  in  the  pores  of  the  charcoal.  In  such  cases,  the  parts  sur- 
rounding the  cavity  which  contains  the  substance  are  scooped  out  with  a 
knife,  and  triturated  in  a  small  mortar ;  the  charcoal  is  then  washed  off 
from  the  metalhc  particles,  which  now  become  visible  either  in  the  form 
of  powder  or  as  small  spangles,  as  the  case  may  be. 

Carbonate  of  soda  serves,  in  the  second  place,  as  a  solvent.  Platinum 
wire  is  the  most  convenient  suj)port  for  testing  the  solubility  of  svib- 
stances  in  melted  carbonate  of  soda.  A  few  only  of  the  bases  dissolve 
in  fused  carbonate  of  soda,  but  acids  dissolve  iu  it  with  facility.  Car- 
bonate of  soda  is  also  applied  as  a  decomposing  agent  and  flux,  more 
particularly  to  effect  the  decomposition  of  the  insoluble  sulphates,  with 
which  it  exchanges  acids,  the  newly-formed  sulphate  of  soda  being 
reduced  at  the  same  time  to  sulphide  of  sodium ;  also  to  effect  the 
decomposition  of  sulphide  of  arsenic,  with  which  it  forms  a  double 
sulphide  of  arsenic  and  sodium,  and  arsenite  or  arsenate  of  soda,  thus 
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converting  it  to  a  state  which  permits  of  its  subsequent  reduction  by 
hydrogen.  Carbonate  of  soda  also  is  the  most  sensitive  reagent  in  the 
dry  way  for  the  detection  of  manganese,  as,  when  fused  in  the  outer 
flame  with  a  substance  containing  manganese,  it  yields  a  green  opaque 
bead,  owing  to  the  formation  of  manganate  of  soda. 

§  82. 

2.  Cyanide  of  Potassium,  HaN  =  KCy  [KCNj. 

Preparation. — See  §  54. 

Uses, — Cyanide  of  potassium  is  an  exceedingly  powerful  reducing 
agent  in  the  dry  way  ;  indeed  it  excels  in  its  action  almost  all  other 
reagents  of  the  same  class,  and  separates  the  metals  not  only  from  most 
oxygen  compounds,  but  also  from  many  sulphur  compounds.  This 
reduction  is  attended  in  the  former  case  with  formation  of  cyanate  of 
potassa,  by  the  absorption  of  oxygen,  and  in  the  latter  case  with  forma- 
tion of  the  sulphocyanate,  by  the  taking  up  of  sulphur.  By  means  of 
this  reagent,  we  may  effect  the  reduction  of  metals  from  their  com- 
pounds with  the  greatest  possible  facility ;  for  instance,  we  may 
obtain  metallic  antimony  from  antimonious  acid  or  from  sulphide  of 
antimony,  metallic  iron  from  sesquioxide  of  iron,  &c.  The  readiness 
with  which  cyanide  of  potassium  enters  into  fusion  facilitates  the  reduc- 
tion of  the  metals  greatly ;  the  process  may  usually  be  conducted  even 
in  a  porcelain  crucible  over  a  spirit  or  gas-lamp.  Cyanide  of  potassium 
is  a  most  valuable  and  important  agent  for  reducing  bin  oxide  of  tin, 
antimonic  acid,  and  more  particularly  tersulphide  of  arsenic.  Cyanide 
of  potassium  is  equally  important  as  a  blowpipe  reagent.  Its  action  is 
exceedingly  energetic ;  substances  like  binoxide  of  tin,  the  reduction  of 
which  by  means  of  carbonate  of  soda  requires  a  tolerably  strong  flame, 
are  reduced  by  cyanide  of  potassium  with  the  greatest  facility.  In 
blowpipe  experiments,  we  invariably  use  a  mixture  of  equal  parts  of 
carbonate  of  soda  and  cyanide  of  potassium ;  the  admixture  of  carbonate 
of  soda  is  intended  here  to  check  in  some  measure  the  excessive 
fusibihty  of  the  cyanide  of  potassium.  This  mixture  of  cyanide  of 
potassium  with  carbonate  of  soda,  besides  being  a  far  more  powerful 
reducing  agent  than  the  simple  carbonate  of  soda,  has  moreover  this 
cfreat  advantage  over  the  latter,  that  it  is  absorbed  by  the  pores  of  the 
charcoal  with  extreme  facihty,  and  thus  permits  the  production  of  the 
metallic  globules  in  a  state  of  the  greatest  purity. 

§  83. 

3.  Biborate  of  Soda  or  Borax,  NaO,2BO,  [Na.,B,o.]. 

Crystallized,  NaO,2B03 lOaq  [Na,BA.10Hp]. 

The  purity  of  commercial  borax  may  be  tested  by  adding  to  its  solu- 
tion carbonate  of  soda,  or,  after  previous  addition  of  nitric  acid,  solution 
of  nibrate  of  baryta  or  of  nitrate  of  silver.  The  borax  may  be  con- 
sidered pure  if  these  reagents  do  not  produce  any  alteration  m  the 
solution ;  but  if  either  of  them  causes  the  formation  of  a  precipitate,  or 
renders  the  liquid  turbid,  recrystallization  is  necessary.    The  pure  crys- 
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tallized  borax  is  exposed  to  a  gentle  heat,  in  a  platinum  crucible,  until 
it  ceases  to  swell  up  ;  when  cold  it  is  pulverized  and  kept  for  use. 

Cses. — Boric  acid  manifests  a  great  affinity  for  oxides  when  brought 
into  contact  with  them  in  a  state  of  fusion.  This  affinity  enables  it,  in 
the  fii*st  place,  to  combine  directly  with  oxides;  secondly,  to  expel 
weaker  acids  from  their  salts ;  and,  thirdly,  to  predispose  metals,  sul- 
phides, and  haloid  compounds  to  oxidize  in  the  outer  flame  of  the  blow- 
pipe, that  it  may  combine  with  the  oxides.  Most  of  the  borates  thus 
produced  fuse  readily,  even  without  the  aid  of  a  flux,  but  far  more  so  in 
conjunction  with  borate  of  soda ;  the  latter  salt  acts  in  this  operation 
either  as  a  mere  flux,  or  by  the  formation  of  double  salts.  Now  we  may 
regard  biborate  of  soda  as  containing  both  free  boric  acid  and  borate  of 
soda;  the  union  of  these  two  substances  renders  it  one  of  our  most 
important  blowpipe  reagents.  In  fusing  with  borax,  we  usually  employ 
platinum  wire  for  a  support ;  the  loop  of  the  wire  is  moistened  or  heated 
to  redness,  then  dipped  into  the  powder  and  exposed  to  the  outer  flame  ; 
a  colourless  bead  of  fused  borax  is  thus  produced.  A  small  portion  of 
the  substance  is  then  attached  to  the  bead,  by  bringing  the  latter  into 
contact  with  it  whilst  still  hot  or  after  having  previously  moistened  it. 
The  bead  with  the  substance  adhering  to  it  is  now  exposed  to  the  gas 
or  blowpipe  flame,  and  the  reactions  are  observed.  The  following  points 
ought  to  be  more  particulai-ly  watched  : — (1)  Whether  or  not  the  sub- 
stance dissolves  to  a  transparent  bead,  and  whether  or  not  the  bead 
retains  its  transparency  on  cooling;  (2)  whether  the  bead  exhibits  a 
distinct  colour,  which  in  many  cases  at  once  clearly  indicates  the  indi- 
vidual metal  which  the  substance  contains  ;  as  is  the  case,  for  instance, 
with  cobalt;  and.  (3)  whether  the  bead  behaves  in  the  same  or  a  different 
way  in  the  outer  and  in  the  inner  flame.  Reactions  of  the  latter  kind 
arise  from  the  reduction  of  higher  to  lower  oxides,  or  even  to  the 
metallic  state,  and  are  particularly  characteristic  for  some  substances. 

§  84. 

4.  Phosphate  of  Soda  and  Ammonia.  Microcosmic 

Salt. 

NaO,NHp,HO,PO,  [Na(NH,)HPOJ. 
Crystallized,  NaO,NHp,HO,P05  +  8aq  [Na(NH,)HP0„4H,0]. 

Prejyaration. — a.  6  parts  of  phosphate  of  soda  and  1  of  pure  chloride 
of  ammonium  are  dissolved  by  boiling  in  2  parts  of  water,  and  the  solution 
is  allowed  to  cool ;  the  crystals  of  double  phosphate  of  soda  and  ammonia 
which  separate  are  freed  from  the  chloride  of  sodium  which  adheres  to 
them  by  recrystallization,  after  addition  of  some  solution  of  ammonia. 
The  purified  crystals  are  then  dried,  pulverized,  and  kept  for  use. 

h.  Two  equal  portions  of  a  solution  of  pure  tribasic  phosphoric  acid 
are  taken,  and  solution  of  soda  is  added  to  the  one,  and  solution  of 
ammonia  to  the  other,  until  both  mixtures  have  a  distinctly  alkaline  re- 
action ;  the  two  are  then  mixed,  and  the  solution  allowed  to  crystallize. 

Teats. — Phosphate  of  soda  and  ammonia  dissolves  in  water  yielding  a 
feebly  alkaline  solution.  The  yellow  precipitate  produced  in  this  solu- 
tion by  nitrate  of  silver  should  dissolve  completely  in  nitric  acid. 
Microcosmic  salt  should  give  a  clear  and  colourless  bead  when  fused  on 
a  loop  of  platinum  wire. 
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I  ses.— On  heating  phosphate  of  soda  and  ammonia,  tlie  ammonia 
escapes  with  the  wntev  of  ciystalHzation,  leaving  acid  pyrophosphate  of 
soda,  NaO,HO,PO,  [Na,H,P,p,] ;  when  this  is  heated  more  strongly,  the 
last  equivalent  of  water  escapes  likewise,  and  the  readily  fusible  meta- 
phosiDhate  of  soda,  K'aO,PO,  [NaPO,],  is  left.  The  action  of  microcos- 
mic  salt  is  analogous  to  that  of  biborate  of  soda.  In  some  cases,  however, 
it  is  preferable  to  use  borax  as  a  solvent  or  flux,  the  beads  which  it  forms 
with  many  substances  being  more  beautifully  and  distinctly  coloured 
than  those  of  borax.  Platinum  wire  is  also  used  for  a  support  in  tlie 
process  of  fluxing  with  microcosmic  salt ;  the  loop  must  be  made  small 
and  narrow,  otherwise  the  bead  will  not  adhere  to  it.  The  operation  is 
conducted  as  directed  for  borax  on  p.  81. 

§  85. 

5.  Nitrate  of  Protoxide  of  Cobalt,  CoO,m  [CoiNOay. 

Crystallized,  CoO,NO.  +  6aq  [Co(N03)2,6H20]. 

_  Preparation.— GommeveM  oxide  of  cobalt  is  dissolved  in  hydrochloric 
acid,  the  solution  evaporated  to  dryness  on  the  water-bath,  and  tlie 
residue  dissolved  in  water ;  carbonate  of  baryta  made  into  a  cream  mtli 
water  (§  60)  is  then  added  in  excess,  the  mixture  allowed  to  remain  for 
some  hours,  with  frequent  stirring,  filtered,  and  the  residue  washed. 
More  carbonate  of  baryta  is  now  added  to  the  filtrate,  chlorine  passed 
in,  and  the  whole  allowed  to  remain  for  a  considerable  time,  shaking 
repeatedly ;  the  precipitate,  consisting  of  peroxide  of  cobalt  and  the 
excess  of  carbonate  of  baryta,  is  separated  from  the  solution  which  con- 
tains the  nickel,  thoroughly  washed,  dissolved  in  hydrochloric  acid,  sul- 
phuric acid  added  in  slight  excess  to  precipitate  the  baryta,  and  sul- 
phuretted hydrogen  passed  into  the  mixture  (without  filtering)  heated 
to  70°.  The  product  is  filtered,  ammonia  added  to  the  filtrate  to  alka- 
line reaction,  then  sulphide  of  ammonium  in  excess,  and  lastly  acetic, 
acid  to  acid  reaction ;  the  sulphide  of  cobalt  thus  precipitated  is  col- 
lected, washed,  dissolved  in  nitro-hydrochloric  acid,  and  the  excess  of 
acid  removed  by  evaporation.  The  residue  is  next  dissolved  in  water, 
and  the  hot  solution  precipitated  with  carbonate  of  soda ;  the  preci- 
pitate is  well-washed,  and  treated  while  still  moist  with  oxalic  acid 
in  excess.  _  The  rose-red  oxalate  of  protoxide  of  cobalt  is  thoroughly 
washed,  dried,  and  heated  to  redness  in  a  glass  tube,  in  a  current  of 
hydrogen ;  this  decomposes  the  oxalate  into  carbonic  acid,  which  escapes, 
and  metallic  cobalt,  which  is  left  behind.  The  metal  is  washed,  first 
with  water  containing  acetic  acid,  then  with  pure  water,  dissolved  in 
dilute  nitric  acid,  and  evaporated  to  dryness  on  the  water  bath.  1  part 
of  the  residue  is  dissolved  in  10  parts  of  water  for  use. 

Tests. — Solution  of  nitrate  of  protoxide  of  cobalt  should  be  free  from 
other  metals,  and  especially  from  salts  of  the  alkalies  ;  no  fixed  residue 
should  be  left  when  the  solution  is  precipitated  with  sulphide  of  am- 
monium, filtered,  and'  the  filtrate  evaporated  on  platinum.  When 
treated  with  cyanide  of  potassium  in  excess,  adding  soda  if  necessary, 
it  should  not  give  the  slightest  black  precipitate  of  hydrated  oxide  of 
nickel  even  after  remaining  for  an  hour. 

Uses. — When  protoxide  of  cobalt  is  ignited  with  certain  infusible 
compounds  (oxide  of  zinc,  alumina),  it  forms  characteristically  coloured 
compounds,  and  may  accordingly  serve  for  their  detection. 
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SECTION  III. 

BEACTIONS, 

OR 

Behaviour  of  Compounds  with  Reagents. 

§  86. 

In  the  uitroducfcory  remarks,  it  was  stated  that  the  operations  and 
experiments  of  quahtative  analysis  have  for  their  object  the  conversion 
of  the  unknown  constituents  of  any  given  compound  into  forms  pf  which 
we  know  the  behaviour,  relations,  and  properties,  affordmg  us  informa- 
tion from  which  we  may  draw  correct  inferences  regarding  the  several 
constituents  of  which  the  analysed  compound  consists.  The  greater  or 
less  value  of  such  analjiiical  experiments,  hke  that  of  all  other  inquiries 
and  investigations,  depends  on  the  greater  or  less  degree  of  certainty  with 
which  they  lead  to  definite  results,  no  matter  whether  these  are  positive 
or  negative.  But  as  a  question  does  not  render  us  any  the  wiser  if  we  do 
not  know  the  language  in  which  the  answer  is  given,  so,  in  like  manner, 
analytical  investigations  will  be  of  no  use  if  we  do  not  understand  the 
mode  of  expression  in  which  the  desired  information  is  conveyed  to  us ; 
in  other  words,  if  we  do  not  know  how  to  interpret  the  phenomena 
produced  by  the  action  of  the  reagents  on  the  substance  examined. 

Before  we  can  proceed,  therefore,  to  enter  on  the  practical  investiga- 
tions in  analytical  chemistry,  it  is  indispensable  that  we  should  really 
have  a  very  accurate  knowledge  of  the  behaviour,  relations,  and  pro- 
perties of  the  new  forms  into  which  we  intend  to  convert  the  substances 
we  wish  to  analyse.  Now  this  accurate  knowledge  consists,  in  the  first 
place,  in  a  clear  conception  and  comprehension  of  the  conditions  neces- 
sary for  the  formation  of  the  new  compounds,  and  the  manifestation  of 
the  various  reactions  ;  and  in  the  second  place,  in  a  distinct  impression 
of  the  colour,  form,  and  physical  properties  which  characterize  the  new 
compound.  This  section  of  the  work  demands  therefore  not  only  the 
most  careful  and  attentive  study,  but  requires  moreover  that  the  student 
should  examine  and  verify  by  actual  experiment  every  fact  stated  in  it. 

The  method  usually  adopted  in  elementary  works  on  chemistry  is 
to  treat  of  the  various  substances  and  their  behaviour  with  reagents 
individually  and  separately,  and  to  point  out  their  characteristic  reac- 
tions. The  author,  however,  in  the  present  work  has  considered  it  to 
be  more  judicious  and  better  adapted  to  the  tise  of  the  student,  to 
arrange  those  substances  which  are  in  many  respects  analogous  in 
groups,  and  thus,  by  comparing  their  analogies  with  their  differences,  to 
place  the  latter  in  the  clearest  possible  light. 

A. — Behaviour  of  the  Metallic  Oxides  and  of 
THEIR  Radicles. 

§  87. 

Before  proceeding  to  the  special  study  of  the  several  metallic  oxides, 
it  will  be  advisable  to  give  a  general  view  of  the  whole  of  them  classified 
in  groups,  and  showing  the  oxides  belonging  to  each  group.  The 
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grounds  on  which  the  classification  has  been  arranged  will  appear  when 
the  several  groups  are  specially  considered. 
First  gi-oup — 

Potassa,  soda,  ammonia,  (oxide  of  caesium,  oxide  of  rubidium, 
lithia). 

Second  group — 

Baryta,  strontia,  lime,  magnesia. 
Third  group — 

Alumina,  sesquioxide  of  chromium  (beryllia,  thoria,  zirconia, 
yttria,   oxide  of  erbium,  oxides  of  cerium,  lanthanum,  didymium, 
titanium,  tantalum,  niobium), 
Fourth  group — 

Oxides  of  zinc,  manganese,  nickel,  cobalt,  iron  (of  uranium, 
thallium,  indium,  vanadium). 
Fifth  group — 

Oxides  of  silver,  mercury,  lead,  bismuth,  copper,  cadmium 
(of  palladium,  rhodium,  osmium,  ruthenium). 
Sixth  group — 

Oxides  and  acids  of  gold,  platinum,  tin,  antimony,  arsenic  (of 
iridium,  molybdenum,  tellurium,  tungsten,  selenium). 

Of  the  metallic  oxides,  only  those  the  names  of  which  are  spaced 
(like  potassa)  ai-e  found  distributed  extensively  and  in  large  quanti- 
ties in  that  portion  of  the  earth's  crust  which  is  accessible  to  our  investi- 
gations ;  these  are  the  most  important  to  chemistry,  arts  and  manufac- 
tures, agriculture,  pharmacy,  <fec.,  and  we  shall  therefore  consider  them 
at  greater  length.  The  remainder  are  more  briefly  noticed  in  para- 
graphs printed  in  smaller  type,  and  may  be  passed  over  by  the  younger 
class  of  students  of  analytical  chemistry.  The  propei-ties  and  reactions 
of  the  metals  themselves  are  given  only  in  the  case  of  those  which  are 
more  frequently  met  with  in  the  metallic  state  in  analytical  operations. 

§  88. 
First  Group. 

More  common  oxides  : — Potassa,  Soda,  Ammonia. 
Rarer  oxides: — Oxide   of  Caesium,    Oxide    of  Rubidium, 
Lithia. 

Properties  of  the  groujJ. — The  alkahes  are  readily  soluble  in  water, 
as  well  in  the  pure  or  caiistic  state  as  in  the  form  of  sulphides, 
carbonates,  and  phosphates.  (The  salts  of  lithia,  however,  dissolve  with 
difficulty.)  Accordingly,  the  alkalies  do  not  precipitate  one  another  in 
the  pure  state,  nor  as  carbonates  or  phosphates  (which  in  the  case  of 
lithia,  however,  presupposes  a  higher  degree  of  dilution  of  the  solutions), 
nor  are  they  precipitated  by  suphuretted  hydrogen  under  any  condition 
whatever.  The  solutions  of  the  pvire  alkalies  as  well  as  of  their  sul- 
phides and  carbonates  restore  the  blue  colour  of  reddened  litmus-paper, 
and  impart  an  intensely  brown  tint  to  turmeric  paper. 
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Special  Eeactions  of  the  more  common  Oxides  of 

the  first  group. 

§  89. 

a.  Potassa,  KO  [K,0]. 

1.  Potassa  and  its  hydrate  and  salts  are  not  volatile  at  a  low 
red-heat.  Potassa  and  its  hydrate  dehquesce  in  the  air ;  the  oily  liquids 
thereby  formed  absorb  carbonic  acid  rapidly  from  the  ah-,  but  without 
soHdifying. 

2.  Nearly  all  the  salts  of  potassa  are  soluble  m  water.  Those  with 
colourless  acids  are  colourless.  The  neutral  salts  of  potassa  with  strong 
acids  do  not  alter  vegetable  colours.  Carbonate  of  potassa  crystallizes 
(in  combination  with  water  of  crystaUization)  with  difficulty,  and  deli- 
quesces in  the  air.  Sulphate  of  potassa  is  anhydrous  and  suffers  no 
alteration  in  the  air. 

3.  CMoride  of  platinum  produces  in  the  neutral  and  acid  solu- 
tions of  potassa  a  yellow,  crystalline,  heavy  precipitate  of  chloride  of 
platinum  and  chloride  of  potassium  (platinochloride  of  potas- 
sium), KCljPtCl.,  [K,PtCI„].  In  concentrated  solutions,  this  precipitate 
separates  immediately  on  adding  the  reagent :  in  dilute  solutions  it  is 
formed  only  after  some  time,  often  after  a  considerable  time.  Very 
dilute  sohitions  are  not  precipitated  by  the  reagent.  The  precipitate 
consists  of  octahedrons  discernible  under  the  microscope.  Alkaline 
solutions  must  be  acidified  with  hydrochloric  acid  before  the  chloride 
of  platinum  is  added.  The  precipitate  is  very  sparingly  soluble  in 
water ;  the  presence  of  free  acids  does  not  greatly  increase  its  solubility ; 

j    it  is  insoluble  in  alcohol.     Chloride  of  platinum  is  therefore  a  par- 

]    ticularly  delicate  test  for  salts  of  potassa  dissolved  in  spirit  of  wine. 

I  The  best  method  of  applying  this  reagent  is  to  evaporate  the  aqueous 
solution  of  the  potassa  salt  with  chloride  of  platinum  nearly  to  dryness 
on  the  water-bath,  and  to  pour  a  little  water  over  the  residue  (or, 

i  better  still,  some  spirit  of  wine,  provided  no  substances  insoluble  in 
that  menstruum  be  present),  when  the  platinochloride  of  potassium 
will  be  left  undissolved.  Care  must  be  taken  not  to  confound  this 
double  salt  with  platinochloride  of  ammonium,  which  greatly  resembles 
it  (see  §  91,  4). 

4.  Tartaric  acid  produces  in  neutral  or  alkaline*  solutions — a 
1  white,  quickly  su.bsiding,  f/mwM^fM' crystalline  precipitate  of  acid  tar- 
trate of  potassa,  K0,H0,C3Hp^^  [KHC^H.OJ.  In  concentrated 
solutions,  this  precipitate  separates  immediately;  in  dilute  solutions 
often  only  after  the  lapse  of  a  considerable  time.  Vigorous  shaking 
or  stirring  of  the  liquid  greatly  promotes  its  formation.  Very  dilute 
solutions  are  not  precipitated  by  this  reagent,  Pree  alkalies  and  free 
mineral  acids  dissolve  the  precipitate ;  it  is  sparingly  soluble  in  cold, 
•but  pretty  readily  soluble  in  hot  water.  In  acid  solutions,  the  free 
Acid  must,  if  practicable,  first  be  expelled  by  evaporation  and  ignition, 
or  the  solution  must  be  neutralized  with  soda  or  carbonate  of  soda. 

:  *  If  the  solution  is  alkaline,  tlie  reagent  must  be  added  until  the  liquid  shows 
A  strongly  acid  reaction. 
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Acid  tartrate  of  soda  answers  us  n  test  for  potassn  still  l^etter 
than  free  tartaric  acid.  The  reaction  is  tlip  same  in  kind,  liut  different 
in  degree,  being  much  more  delicate  with  the  salt  than  with  the  free 
acid,  since  where  the  former  is  used  the  soda  salt  of  the  acid  combined 
with  the  potassa  is  formed,  whereas  Avith  free  tartaric  acid  the  hydrate 
of  the  acid  combined  with  the  potassji  is  formed,  and  this  tends  to 
increase  the  solvent  action  of  the  water  present  on  the  acid  tartrate 
of  potassa,  and  consequently  checks  the  separation  of  the  latter, 
KO,NO,  +  NaO,HO,C,H,0,„  =  KO,HO,C,Hp,,  +  NaO,NO, 
[KNO3  +  NaHC,H,0„=  KHC,H,0„+  NaNO,]. 

5.  If  a  potassa  salt  which  is  volatile  at  an  intense  red  heat  is  held  on 
the  loop  of  a  fine  platinum  wire  in  the  fusing  zone  of  the  Bunsen  gas- 
lamp  (p.  23),  the  salt  volatilizes,  and  imparts  a  blue  violet  tint  to  the 
part  of  the  flame  above  the  sample.  Chloride  of  potassium  and  nitrate 
of  potassa  volatilize  rapidly,  the  carbonate  and  sulphate  less  rapidly,  and 
the  phosphate  still  more  slowly ;  but  they  all  distinctly  show  the  reac- 
tion, although  decreasing  in  degree.  If  a  more  uniform  manifestation  of 
the  reaction  is  desired,  that  is,  a  manifestation  independent  of  the  nature 
of  the  acid  that  may  chance  to  be  combined  with  the  potassa,  the  sample 
need  simply  be  moistened  with  sulphuric  acid,  dried  at  the  border  of  the 
flame,  and  then  introduced  into  the  fusing  zone.  With  silicates,  a,nd 
other  compounds  of  potassa  which  volatilize  with  difiiculty,  the  reaction 
may  be  ensured  by  fusing  the  sample  first  with  pvire  gypsum,  as  in  this 
way  silicate  of  lime  and  sulphate  of  potassa  are  formed,  and  the  latter 
then  readily  colours  the  flame.  Decrepitating  salts  should  be  ignited  in 
a  platinum  spoon  before  they  are  attached  to  the  loop.  The  sample  of 
the  potassa  salt  may  also  be  held  before  the  apex  of  the  inuer  blow- 
pipe flame  produced  with  a  spirit-lamp.  It  should  be  noted  that  the 
presence  of  a  salt  of  soda  completely  obscures  the  potassa  coloration  of 
the  flame. 

The  spectrum  of  the  potassa  flame  as  observed  by  the  spectroscope 
(p.  28,  or  p.  29)  is  shown  in  the  coloured  plate  of  spectra.  It  contains 
two  characteristic  lines,  the  red  Hne  a  and  the  indigo  blue  Hue  /3.  If 
the  potassa  flame  is  observed  through  the  indigo  prism  (p.  27)  the 
coloration  appears  sky-blue,  violet,  and  at  last  intensely  ciimson,  even 
through  the  thickest  layers  of  the  solution.  Admixtures  of  lime,  soda, 
and  lithia  compounds  do  not  alter  this  reaction,  as  the  yellow  rays  can- 
not penetrate  the  indigo  solution,  and  the  rays  of  the  lithia  flame  also 
are  only  able  to  pass  through  the  thinner  layers  of  that  solution,  but 
not  through  the  thicker  layers ;  the  exact  spot  where  the  penetrating 
power  of  the  rays  of  the  lithia  flame  ceases  has  to  be  marked  hj  the 
operator  on  his  indigo  prism.  But  organic  substances  Avhich  impart 
luminosity  to  the  flame  might  lead  to  mistakes,  and  must  therefore,  if 
present,  first  be  removed  by  combustion.  Instead  of  the  indigo  prism, 
Oornwall's  permanganate  prism  (p.  27)  or  a  blue  glass  may  be  used ; 
if  lithia  is  present,  the  absorbent  medium  must  be  sufliciently  thick  to 
keep  out  the  red  lithia  rays. 

6.  If  a  salt  of  potassa  (chloride  of  potassium  answers  best)  is  heated 
with  a  small  quantity  of  water,  alcohol  (burning  Avith  colourless  flame) 
added,  the  mixture  heated,  and  then  kindled,  the  flame  appears  violet.. 
The  presence  of  soda  obscures  this  reaction,  which  is  altogether  much 
less  dehcate  than  the  one  described  in  5. 
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§  90. 

I.  Soda,  NaO  [Na,,0]. 

1.  8oda  and  its  hydrate  and  salts  have  in  general  the  same 
properties  and  reactions  as  potassa  and  its  corresponding  compounds. 
The  oily  Kquid  which  soda  forms  by  deliquescence  on  exposure  to  the 
air  resohdifies  speedily  by  absorption  of  carbonic  acid.  Carbonate  of 
soda  crystallizes  readily;  the  crystals,  NaO,CO,+  lOaq  [Na,CO3,10H,O], 
effloresce  rapidly  when  exposed  to  the  air;  the  same  applies  to  the 
crystals  of  sulphate  of  soda,  NaO,SO,  +  lOaq  [Na,SO„10H,O]._ 

2.  If  a  sufficiently  concentrated  solution  of  a  soda,  salt  with  neutral 
or  alkaline  reaction  is  mixed,  for  greater  convenience,  in  a  watch-glass, 
Avith  a  solution  of  metantimonate  of  potassa  prepared  according  to  the 
directions  given  in  §  51,  the  mixture  remains  clear  at  first,  or  appears 
only  shghtly  turbid ;  but  upon  rubbing  the  part  of  the  glass  wetted  by 
thehquid  with  a  glass  rod,  a  crystalline  precipitate  of  metantimonate 
of  soda,  NaO,HO,Sb03  +  6aq  [Na^H.SboO^SH^O],  speedily  separates; 
this  makes  its  appearance  first  along  the  lines  rubbed  with  the  rod,  and 
ultimately  subsides  as  a  heavy,  sandy  precipitate.  The  precipitate  does 
not  separate  from  dilute  solutions  of  soda  salts  until  after  the  lapse  of 
some  time,  occasionally  as  long  as  twelve  hours.  From  very  dilute  solu- 
tions, it  does  not  separate  at  all.  The  precipitated  antimonate  of  soda 
is  invariably  crystalline.  Where  it  has  separated  slowly,  it  occasionally 
consists  of  well-formed  microscopic  cubic  octahedrons,  but  more  fre- 
quently of  four-sided  prisms  with  pyramidal  summits;  if  it  has  se^ 
parated  quickly,  it  appears  in  the  form  of  small  boat-shaped  crystals. 
The  presence  of  large  quantities  of  salts  of  potassa  interferes  very  con- 
siderably with  the  reaction.  Acid  solutions  cannot  be  tested  with  met- 
antimonate of  potassa,  as  free  acids  will  separate  from  the  latter  sub- 
stance hydrated  metantimonic  acid.  It  is  indispensable,  therefore, 
before  adding  the  reagent,  to  remove,  if  possible,  the  free  acid  by 
evaporation  or  ignition,  or  where  this  is  not  practicable,  by  neutralizing 
the  acid  solution  with  a  little  carbonate  of  potassa  until  the  reaction  is 
feebly  alkaline.  It  should  also  be  borne  in  mind  that  solutions  cannot 
be  tested  with  metantimonate  of  potassa  if  they  contain  any  other  bases 
besides  soda  and  potassa. 

3.  If  salts  of  soda  are  held  in  the  fusing  zone  of  the  Bunsen  gas- 
lamp  or  in  the  inner  spirit  blowpipe  flame,  they  show,  with  regard 
to  their  relative  volatility  and  the  action  of  decomposing  agents  on  them, 
a  similar  behaviour  to  the  salts  of  potassa ;  the  soda  salts,  are,  however, 
a  little  less  volatile  than  the  corresponding  potassa  salts.  But  the  most 
characteristic  sign  of  the  presence  of  soda  salts  is  the  intense  yellow 
coloration  which  they  impart  to  the  flame.  This  reaction  will  effect 
the  detection  of  even  the  minutest  quantities  of  soda,  and  is  not  obscured 
even  by  the  presence  of  large  quantities  of  potassa. 

The  spectrum  (see  coloured  plate)  shows  only  a  single  yellow  line  a 
in  an  ordinary  spectroscope,  but  with  a  more  powei-ful  apparatus  two 
lines  will  be  visible  distinctly,  although  they  are  exceedingly  close  to 
each  other.  The  reaction  is  so  delicate  that  the  chloride  of  sodium 
contained  in  atmospheric  dust  generally  suffices  to  give  a  soda  spectrum, 
although  a  faint  one. 
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It  is  characteristic  of  the  soda  flame,  that  a  crystal  of  dichromate  of 
potassa  appeai-s  colourless  in  its  light,  and  that  a  slip  of  paper  coated 
with  iodide  of  mercury  appears  white  with  a  faint  shade  of  yellow 
(Bunsen);  also  that  it  looks  orange  yellow  when  observed  through  a 
green  glass  (Merz).  These  reactions  are  not  obscured  by  the  presence 
of  salts  of  potassa,  lithia,  or  lime. 

4.  If  salts  of  soda  (chloride  of  sodium  answers  best)  are  treated  as 
stated  on  p.  86,  6,  the  alcohol  flame  is  coloured  intensely  yellow. 
The  presence  of  a  potassa  salt  does  not  afiect  the  distinctness  of  this 
reaction. 

5.  Chloride  of  platinum  produces  no  precipitate  in  neutral  or  acid 
solutions  of  soda  salts,  as  platinochloride  of  sodium  is  readily  soluble 
both  in  water  and  in  spirit  of  wine;  it  crystallizes  in  yellowish-red 
prisms. 

,  Z  6.  Tartaric  acid  and  acid  tartrate  of  soda  fail  to  precipitate 
even  concentrated  neutral  solutions  of  soda  salts. 

§  91. 

c.  Ammonia,  NHp  [(NH,),0]. 

1.  Anhydrous  ammonia,  NH3  [NH3],  is  gaseous  at  the  ordinary 
temperature,  but  is  generally  employed  in  aqueous  solution,  in  which 
it  betrays  its  presence  at  once  by  its  penetrating  odour.  It  is  expelled 
from  this  solution  by  the  application  of  heat.  It  is  sometimes  con- 
venient to  assume  that  the  solution  contains  it  as  oxide  of  ammonium, 
NHp  [(NH,),0]  (see  §  35). 

2.  All  the  salts  of  ammonia  are  volatile  at  a  low  heat,  either 
with  or  without  decomposition.  Most  of  them  are  readily  soluble  in 
water.  The  solutions  are  colourless.  The  neutral  compounds  of  am- 
monia with  strong  acids  do  not  alter  vegetable  colours. 

3.  If  salts  of  ammonia  are  triturated  with  hydrate  of  lime,  best 
with  the  addition  of  a  few  drops  of  water,  or  are,  either  in  the  soHd 
state  or  in  solution,  heated  with  solution  of  potassa  or  of  soda,  the 
ammonia  is  liberated  in  the  gaseous  state,  and  its  presence  may  be  re- 
cognized— 1,  by  its  characteristic  odour ;  2,  by  its  action  on  moistened 
test-papers  ;  and  3,  by  giving  rise  to  the  formation  of  white  fumes 
when  any  object,  such  as  a  glass  rod,  moistened  with  hydrochloric  acid, 
nitric  acid,  acetic  acid,  or  any  of  the  volatile  acids,  is  brought  in  contact 
Avith  it.  These  fumes  are  produced  by  the  finely  divided  solid  ammoniacal 
salts  formed  by  the  vapour  of  the  acid  and  the  ammonia.  Hydrochloric 
acid  is  the  most  delicate  test  in  this  respect ;  acetic  acid,  however,  is 
less  liable  to  give  rise  to  a  mistake.  If  the  expulsion  of  the  ammonia 
is  effected  in  a  small  beaker,  best  with  hydrate  of  hme,  with  addition  of 
a  very  little  water,  and  the  beaker  is  covered  with  a  watch-glass  having 
a  slip  of  moistened  turmeric  or  reddened  litmus  paper  attached  to  the 
centre  of  the  convex  side,  the  reaction  will  show  the  presence  of  even 
.very  minute  quantities  of  ammonia;  only  the  action  is  not  immediate 
in  such  cases,  but  i-equu-es  some  time  for  its  manifestation.  It  is  pro- 
moted and  accelerated  by  the  application  of  a  gentle  heat. 

4.  Chloride  of  platinum  behaves  in  the  same  manner  with  salts 
of  ammonia  as  it  does  with  salts  of  potassa ;  the  yellow  precipitate  of 
platinochloride  of  ammonium,  NH,Cl,PtCl,  [(NHJ.PtCM,  consists. 
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like  the  corresponding  potassium  compound,  of  octahedrons  discernible 
under  the  microscope. 

5.  Tartaric  acid  in  highly  concentrated  solutions  of  neutral  ammo- 
nium salts  after  some  time  throws  down  part  of  the  ammonia  as  acid 
tartrate  of  ammonia,  NHp,HO,C,Hp,„  [(NH,)HC,H,OJ  Less 
concentrated  solutions  are  not  precipitated.  Acid  tartrate  of  soda 
precipitates  concentrated  solutions  more  completely,  and  produces  a  pre- 
cipitate even  in  more  dilute  solutions.  The  precipitate  is  white  and 
crystalline.  Its  separation  may  be  promoted  by  shaking  the  mixture, 
or  by  rubbing  the  inside  of  the  vessel  Avith  a  glass  rod.  It  is  acted  on 
by  solvents  like  the  corresponding  potassa  salt,  except  that  it  is  some- 
what more  readily  soluble  in  water  and  in  acids. 

§92. 

Recapitulation  and  Remarks. 

The  salts  of  potassa  and  soda  are  not  volatile  at  a  moderate  red  heat, 
whilst  the  salts  of  ammonia  volatilize  readily  ;  the  latter  may  therefore 
be  easily  separated  from  the  former  by  ignition.  The  expulsion  of 
ammonia  from  its  compounds  by  hydrate  of  Hme  affords  the  surest 
means  of  ascertaining  its  presence.  Salts  of  potassa  can  be  detected  in 
the  wet  way  only  after  the  removal  of  the  ammoniacal  salts  which  may 
he  present,  since  both  classes  of  salts  behave  in  the  same  or  a  similar 
way  with  chloride  of  platinum  and  tartaric  acid.  After  the  removal 
of  the  ammonia,  the  potassa  is  clearly  and  positively  characterized  by 
either  of  these  two  reagents  ;  it  should  be  borne  in  mind,  however,  that 
the  reactions  will  only  take  place  in  concentrated  solutions,  so  that  dilute 
solutions  must  first  be  concentrated.  A  single  drop  of  a  concentrated 
solution  will  give  a  positive  result,  which  cannot  be  obtained  with  a 
large  quantity  of  a  dilute  solution.  The  most  simple  way  of  detect- 
ing the  potassa  in  the  two  sparingly  soluble  compounds  that  have  come 
under  our  consideration  here — namely,  the  platinochloi-ide  of  potassium 
and  the  acid  tartrate,  of  potassa — is  to  decompose  these  salts  by  gentle 
ignition ;  the  former  thereupon  yields  the  potassa  in  the  form  of  chloride 
of  potassium,  the  latter  in  the  form  of  carbonate  of  potassa.  For  the 
direct  detection  of  potassium  in  iodide  of  potassium,  tartaric  acid  or 
acid  tartrate  of  soda  is  better  suited  than  chloride  of  platinum ;  as 
with  the  latter  reagent  the  separation  of  the  platinochloride  of  potas- 
sium is  interfered  with  in  consequence  of  the  formation  of  a  dark  red 
liquid  containing  iodide  of  platinum  and  free  iodine.  As  regards  soda, 
this  alkali  may  be  detected  with  positive  certainty  in  the  wet  way  by 
metantimonate  of  potassa,  provided  the  reagent  be  properly  prepared 
and  freshly  dissolved,  and  the  soda  salt  solution  be  concentrated,  neutral, 
or  feebly  alkaline,  and  free  from  other  bases  ;  moreover,  it  must  be  borne 
in  mind  that  metantimonate  of  soda  invariably  separates  in  the  crystal- 
line form,  and  never  in  a  fiocculent  state.  To  detect  in  this  way  very 
minute  quantities  of  soda  in  presence  of  a  large  proportion  of  potassa,  the 
lattei^  should  be  first  precipitated  with  chloride  of  platinum,  the  platino- 
chloride of  potassium  filtered  off,  and  the  platinum  removed  from  the 
filtrate  by  sulphuretted  hydrogen  (§  127) ;  it  is  again  filtered,  the  filtrate 
evaporated  to  dryness,  ignited  gently,  the  residue  dissolved  in  a  very  little 
water,  and  the  solution  finally  tested  with  metantimonate  of  potassa. 

Potassa  and  soda  may  be  detected  much  more  i-eadily  and  speedily 
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than  in  the  wet  way,  and  also  with  far  greater  delicacy,  by  the  fliime 
coloration.  We  have  seen,  indeed,  tliat  the  soda  coloration  com- 
pletely obscures  the  potassa  coloration,  even  wlien  the  potassa  salt 
contains  but  a  trifling  admixture  of  soda  salt.  With  the  aid  of  the 
spectrum  apparatus,  however,  the  spectra  of  the  two  are  obtained  so 
distinct  and  beautiful  that  a  mistake  is  altogether  impossible.  And 
even  without  a  spectrum  apparatus  the  potassa  coloration  can  always 
be  distinctly  recognized  through  the  indigo  or  permanganate  prism,  or 
through  a  blue  glass,  even  in  a  flame  coloured  strongly  yellow  by 
soda ;  the  soda  coloration  again  may  be  placed  beyond  doubt,  if  neces- 
sary, by  the  aid  of  iodide  of  mercury  paper,  or  green  glass,  in  the 
manner  already  described. 

The  following  methods  serve  for  the  detection  of  ammonia  in  ex- 
ceedingly minute  quantities,  as  for  instance  in  natural  v/aters  ;  they 
depend  on  the  separation  of  certain  mercury  compounds  which  are  in- 
soluble in  water,  and  which  contain  the  nitrogen,  or  the  nitrogen  and 
part  of  the  hydrogen  of  the  ammonia. 

a.  If  water  containing  a  trace  of  ammonia  or  carbonate  of  ammonia 
is  mixed  with  a  few  drops  of  solution  of  mercuric  chloride,  a  white  pre- 
cipitate is  formed,  even  in  very  diliite  solution  ;  the  precipitate  consists 
of  ]SrH,Hg.,Cl  [NHoHgCI],  and  may  be  considered  as  a  double  amide  and 
chloride  of  mercury,  or  as  chloride  of  dimercurammonium : 
2NH3  +  2HgCl  =  ]S]-H,Hg,Cl  +  NH^Cl  [2NH.  +  HgCI,----  NH.HgCI  +  NH,CI]. 
If  the  solution  is  extraordinarily  dilute,  no  turbidity  occurs,  but  on  the 
addition  of  a  few  drops  of  solution  of  carbonate  of  potassa  or  carbonate 
of  soda,  the  Hquid  will  become  turbid  or  opalescent  after  a  few  minutes. 
This  reaction  takes  place  when  water  containing  a  trace  of  a  neutral  salt 
of  ammonia  is  mixed  with  a  few  drops  of  solution  of  mercuric  chloride 
and  a  few  drops  of  solution  of  carbonate  of  potassa  or  carbonate  of  soda. 
The  precipitate  which  separates  on  the  addition  of  carbonate  of  soda 
consists  of  1  equivalent  of  the  previously  mentioned  precipitate  with 
2  equivalents  of  oxide  of  mercury  : 
NH3  -I-  4HgCl  +  3(K0,C0,)  =  NH,Hg,Cl,2HgO  +  HO  +  3KC1  +  SCO, 
[2NH3  +  4HgCI,  +  3K,c63=2(NaHgC!,HgO)  +  H,0  +  6KCI  +  3CO,]. 
Too  much  mercuric  chloride  and  carbonate  of  soda  must  not  be  added, 
otherwise  a  yellow  precipitate  of  oxychloride  of  mercury  would  be 
formed.    (Bohlig,  Schliyen.) 

h.  On  adding  to  a  solution  of  mercuric  iodide  and  potassium  con- 
taining potassa*  a  liquid  containing  ammonia,  or  an  ammonia  salt,  a 
reddish-brown  precipitate  is  formed  if  the  ammonia  is  present  in  some 
quantitv ;  and  even  if  only  the  most  minute  trace  of  ammonia  is  present, 
there  is"  always  a  yellow  coloration  produced.  The  precipitate  consists  of 
tetramercurammonium  iodide  NHg  J,2H0  [NHgJ,H,p].  The  reaction  is  : 
4(HgI,KI)  +  3(K0,H0)  +  NH„  =  NHg  J,2H0  +  7X1  +  4H0 
[2(Hgl..,2Kl)  +  3KHO  +  NH,=  NHgJ,H,0  +  7KI  +  2H,0]. 
The  application  of  heat  promotes  the  separation  of  the  precipitate. 

*  Prepared  as  follows  -.-Two  grams  of  iodide  of  potijssium  are  dissolved  iu 
5  CO.  water,  the  solution  is  heated  and  iodide  of  mercury  added  until  the  last  por- 
tions remain  undissolved.  The  mixture  is  then  allowed  to  cool,  and  diluted  with 
20  c  c,  water.  This  solution  is  allowed  to  remain  for  soi](ie  time,  hitered,  and  U  c.c 
of  the  filtrate  mixed  with  30  c.c.  of  a  concentrated  solution  of  potassa.  isbouid 
the  liquid  turn  turbid,  it  is  allowed  to  stand  for  a  time  and  the  clear  portion  poured 
off  for  use. 
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Presence  of  chlorides  of  the  alkali  metals,  or  of  salts  of  the  alkalies  with 
oxygen  acids  does  not  interfere  with  the  reaction ;  but  the  presence  of 
cyanide  of  potassium,  or  of  sulphide  of  potassium,  will  prevent  it 
(J.  Nessler). 

§  93. 

Special  Reactions  of  the  rarer  Oxides  of  the  first  group. 

1.  Csesia  (Oxide  of  Caesium),  CsO  [Cs,0],  and 

2.  Rubidia  (Oxide  of  Rubidium),  EbO  [Rb,0.] 

The  CEesium  and  rubidium  compounds  are,  it  would  appear,  found  pretty 
widely  distributed  in  nature,  but  in  very  minute  quantities  only.  They  have 
hitherto  been  found  chiefly  in  the  mother  liquors  of  mineral  waters,  and  in  a 
few  minerals  (lepidolite,  melaphyr,  carnallite).  Cesium  has  been  found  in 
considerable  quantities  in  poUux,  and  rubidium  has  been  found  in  beetroot 
molasses  and  in  the  ashes  of  plants.  The  CEesium  and  rubidium  compounds 
bear  in  general  a  great  resemblance  to  the  potassium  compounds,  more  par- 
ticularly in  this,  that  their  concentrated  aqueous  solutions  are  precipitated 
by  tartaric  acid  and  by  chloride  of  platinum,  and  also  that  those  of 
them  that  are  volatile  at  a  red  heat  tinge  the  flame  violet.  The  most  notable 
characteristic  differences,  on  the  other  hand,  are  that  the  precipitates  produced 
by  chloride  of  platinum  are  far  more  insoluble  in  water  than  the  platinochlo- 
ride  of  potassium  ;  100  grams  water  at  10°  will  dissolve  900  mgrm.  of  platino- 
chloride  of  potassium,  but  only  154  mgrm.  of  the  platinochlonde  of  rubi- 
dium, and  as  little  as  60  mgrm.  of  the  platinochloride  of  caesium.  Again,, 
the  alums  show  great  diftereiioes  as  regards  their  solubility  in  cold  water ; 
thus  100  parts  of  water  at  17°  dissolve  13-5  parts  of  potassium  alum,  2'27 
parts  of  rubidium  alum,  and  0'619  parts  of  cEesium  alum.  But  above  all,  the 
flames  coloured  by  cesium  and  rubidium  compounds  give  spectra  quite  differ- 
ent fi'om  the  potassium  spectrum  (see  plate  of  spectra).  The  CECsium  spectrum 
is  especially  characterized  by  the  two  blue  lines  a  and  ^,  which  are  remarkable 
for  their  wonderful  intensity  and  sharp  outline ;  also  by  the  line  y,  which, 
however,  is  less  strongly  marked.  Amongst  the  lines  in  the  rubidium  spec- 
trum, the  splendid  indigo-blue  lines  marked  a  and  ^  strike  the  eye  by  their 
extreme  brilliancy.  Less  brilliant,  but  still  very  characteristic,  are  the  lines  S 
and  y.  To  detect  both  alkalies  in  presence  of  each  other  by  the  spectroscope, 
the  chlorides  should  be  taken  and  not  the  carbonates,  as  with  the  latter  salts 
the  rubidium  spectrum  is  not  always  distinct  in  the  presence  of  the  caesium 
spectrum.  (Allen,  Heintz.)  Lastly,  we  have  still  to  mention  that  carbo- 
nate of  CEesia  is  soluble  in  absolute  alcohol,  whilst  carbonate  of  rubidia  is  in- 
soluble in  that  menstruum ;  a  separation  of  the  two  oxides,  however,  is 
effected  only  with  difSculty  by  this  means,  as  they  seem  to  form  a  double 
salt  which  is  not  absolutely  insoluble  in  alcohol.  It  is  more  easy  to  separate 
them  when  they  are  in  the  form  of  acid  tartrates ;  the  acid  tartrate  of 
rubidia  dissolves  in  8'5  parts  of  boiling  water,  and  84"57  parts  of  water  at 
25°,  while  the  corresponding  salt  of  cgesia  dissolves  in  1'02  parts  of  boiling 
water,  and  10"32  parts  of  water  at  25°  (Allen).  (The  acid  tartrate  of  po- 
tassa  requires  15  parts  of  boiling  water,  and  89  parts  of  water  at  25°.) 

A  separation  may  also  be  effected  by  adding  stannic  chloride  to  a  hot  solu- 
tion of  the  salts  containing  a  rather  large  excess  of  hydrochloric  acid  ;  under 
these  circumstances  caesium  stannichloride  separates  as  a  sparingly  soluble 
precipitate  whilst  the  rubidium  and  potassium  remain  in  solution.  Care 
must  be  taken  not  to  mistake  the  sparingly  soluble  ammonium  stannichloride 
for  ca)sium  stannichloride  ( S  t  o  1  b  a ) . 

3.  Lithia,  LiO  [Li,,0]. 

Lithia  is  also  found  pretty  widely  distribiited  in  nature,  but  in  minute 
quantities  only.  It  is  often  met  with  in  the  analysis  of  mineral  waters  and 
ashes  of  jjlants,  less  frequently  in  the  analysis  of  minerals,  and  only  rarely 
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in  that  of  technical  and  pharmaceutical  products.  Lithia  forms  the  transi- 
tion from  the  first  to  the  second  group,  it  is  only  sparingly  soluble  in  water ; 
it  does  not  attract  moisture  from  the  air.  Most  of  its  salts  are  soluble  in 
■\yater_;  some  of  them  are  deliquescent  (chloride  of  lithium).  Carbonate  of 
lithia  is  sparingly  soluble,  particularly  in  cold  water.  On  adding  phosphate  of 
soda  to  solutions  of  salts  of  lithia,  and  boiling,  a  white  crystalline  precipitate 
of  tribasic  phosphate  of  lithia,  3(LiO,P06)-|-aq  [2Li3PO„H,0],  is  produced 
if  the  solution  is  not  too  dilute ;  this  precipitate  quickly  subsides  to  the 
bottom  of  the  vessel.  This  reaction,  which  is  characteristic  of  lithia,  is  ren- 
dered much  more  delicate  by  adding  at  the  same  time  as  the  phosphate  of 
soda,  a  little  solution  of  soda,  just  sufficient  to  leave  the  reaction  alkaline, 
evaporating  the  mixture  to  dryness,  treating  the  residue  with  water,  and 
adding  an  equal  volume  of  liquid  ammonia ;  in  this  way  even  very  minute 
quantities  of  lithia  will  be  separated  as  tribasic  phosphate.  The  preci- 
pitate fuses  before  the  blowpipe,  and  on  fusion  with  carbonate  of  soda  gives 
a  clear  bead ;  ^yhen  fused  upon  charcoal  it  is  absorbed.  It  dissolves  in 
hydrochloric  acid  yielding  a  solution  which,  when  diluted  and  supersaturated 
with  ammonia,  remains  clear  in  the  cold,  but  on  boihng  gives  a  heavy  crys- 
talline precij)itate  of  the  phosphate.  (Eeactions  by  which  phosphate  of  lithia 
differs  from  the  phosphates  of  the  alkaline  earths.)  Tartaric  acid  and 
chloride  of  platinum  fail  to  precipitate  even  concentrated  solutions  of 
salts  of  lithia.  If  salts  of  lithia  are  exposed  to  the  gas  or  blowpipe  flame, 
in  the  manner  described  in  §  89,  6,  they  tinge  the  flame  carmine-red.  With 
silicates  containing  lithia,  it  is  necessary  to  add  gypsum  to  produce  this  reac- 
tion, or,  better  still,  a  mixture  of  gypsum  with  pure  fluor-spar  in  the  propor- 
tions 2  :  1.  Phosphate  of  lithia  will  tinge  the  flame  carmine-red,  if  the  fused 
bead  is  moistened  with  hydrochloric  acid.  The  soda  coloration  conceals  the 
lithia  coloration  ;  in  presence  of  soda,  therefore,  the  lithia  tint  must  be  viewed 
through  a  blue  glass,  or  through  a  thin  layer  of  indigo  solution.  The  presence 
of  a  small  projDortion  of  potassa  will  not  conceal  the  lithia  coloration ;  in 
presence  of  a  large  proportion  of  potassa,  the  lithia  may  be  identified  by 
jalacing  the  substance  in  the  fusing  zone,  viewing  the  coloured  flame  through 
the  indigo  prism  and  comparing  it  with  a  pure  potassa  flame  produced  in  the 
opposite  part  of  the  fusing  zone.  Yiewed  through  a  thin  layer  of  indigo 
solution,  the  lithia-coloured  flame  appears  redder  than  the  pure  potassa 
flame ;  viewed  through  somewhat  thicker  layers,  the  flames  appear  at  last 
equally  red,  if  the  proportion  of  the  lithia  to  the  potassa  is  only  trifling ;  but 
v/hen  lithia  predominates  in  the  sample  examined  the  intensity  of  the  red 
coloration  imparted  by  lithia  decreases  perceptibly  when  viewed  through 
thicker  layers,  whilst  that  due  to  the  pure  potassa-flame  is  scarcely  impaired. 
By  this  means,  lithia  may  be  detected  in  potassa  salts,  even  though  present 
only  in  the  proportion  of  one  part  in  several  thousand  parts  of  the  latter. 
Soda,  unless  present  in  very  large  quantities,  interferes  but  little  with  these 
reactions  (Cartmell,  Bun  sen). 

'J'he  lithium  spectrum  (see  coloured  plate)  is  most  brilliantly  charac- 
terized by  the  splendid  carmine-red  Jine  a,  and  the  orange-yellow  very  faint 
line  /3.  The  flame  of  a  Bunsen  burner  yields  only  these  two  lines,  but  if  chlo- 
ride of  lithium  is  introduced  into  a  hydrogen  flame,  a  dull  blue  line  is  percep- 
tible, which  becomes  brilliant  if  the  oxyhydrogen  flame  is  used.  Its  position 
almost  coincides  with  the  weaker  of  the  two  blue  lines  of  caesium  (Tyndall, 
Frankland).  If  alcohol  be  poured  over  chloride  of  lithium,  and  then 
ignited,  the  flame  shows  also  a  carmine-red  tint.  Presence  of  salts  of  soda 
will  mask  this  reaction. 


To  detect  small  quantities  of  cassia,  rubidia,  and  lithia  in  presence  of 
very  large  quantities  of  soda  or  potassa,  extract  the  dry  chlorides  of  the  metals, 
after  adding  a  few  drops  of  hydrochloric  acid,  with  alcohol  of  90  per  cent.  ; 
this  leaves  behind  by  far  the  larger  portion  of  the  chloride  of  sodium  and 
chloride  of  potassium.  The  alcoholic  solution  is  then  evaporated  to  dryness, 
the  residue  dissolved  in  a  little  water,  and  precipitated  with  chloride  of 
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platiuum.  The  pi*ecipitate  is  collected  and  boiled  repeatedly  with  small 
quantities  of  water,  to  remove  the  platinochloride  of  potassium  present, 
examinino-  the  progress  of  the  purification  by  means  of  the  spectroscope. 
For  this  purpose  a  small  quantity  of  the  pi-ecipitate  is  rolled  up  in  a  piece  of 
moistened  filter-paper,  a  thin  platinum  wire  wound  round  it,  and  the  paper 
charred  in  the  point  of  the  flame  at  as  low  a  temperature  as  possible  ;  it  is 
then  transferred  to  the  fusing  zone,  and  the  flame  examined  by  the  spectro- 
scope. The  potassium  spectrum  v/ill  be  found  to  grow  fainter  and  fainter, 
whilst  the  spectra  of  rubidium  and  cassium  will  become  visible,  if  these 
metals  are  present.  The  solution  filtered  off  from  the  original  platinum  pre- 
cipitate is  evaporated  to  dryness,  the  residue  heated  to  low  redness  in  a  current 
of  hydrogen,  in  order  to  decompose  the  platinochloride  of  sodium  and  the- 
excess  of  chloride  of  platinum;  it  is  then  moistened  with  hydrochloric 
acid,  the  acid  driven  ofi"  again,  and  the  chloride  of  lithium  finally  esti'acted 
with  a  mixture  of  absolute  alcohol  and  ether.  The  evaporation  of  the 
solution  obtained  leaves  the  chloride  of  lithium  behind  iu  a  state  of  almost 
perfect  purity;  it  may  then  be  further  examined  and  tested.  Before 
drawing  from  the  simple  coloration  of  the  flame  the  conclusion  that  lithia  is 
present,  it  is  advisable,  in  order  to  guard  against  the  chance  of  error,  to  test 
a  portion  of  the  residue,  dissolved  in  water,  with  sulphuric  acid  and  alcohol, 
to  make  quite  sure  that  neither  strontia  nor  lime  is  present.  The  addition 
of  hydrochloric  acid,  which  is  repeatedly  prescribed  in  the  above  process  to 
precede  the  extraction  of  the  chloride  of  lithium  with  alcohol,  is  necessary 
as  chloride  of  Uthium,  even  at  a  moderate  red  heat,  is  converted  by  the 
action  of  aqueous  vapour  into  caustic  lithia,  this  then  attracts  carbonic 
acid,  and  forms  carbonate  of  lithia,  which  is  insoluble  in  alcohol. 

§  94. 
Second  Group. 

Baryta,  Strontia,  Lime,  Magnesia. 

FrojJerties  of  the  Group. — The  alkaline  earths  are  soluble  in  water- 
iu  the  pure  (caustic)  state ;  magnesia,  however,  is  only  very  sparingly 
soluble  in  water.  The  solutions  have  an  alkaline  reaction ;  the  alkaline 
reaction  of  magnesia  is  best  observed  when  it  is  laid  upon  moistened 
test-paper.  The  neutral  carbonates  and  phosphates  of  the  alkaline  earths: 
are  insoluble  in  water,  and  the  solutions  of  the  salts  of  the  alkaline 
earths  are  therefore  precipitated  by  carbonates  and  phosphates  of  the 
alkalies;  this  reaction  distinguishes  the  oxides  of  the  second  group 
from  those  of  the  first.  From  the  oxides  of  the  other  groups,  they  are 
distingvdshed  by  their  solutions  not  being  precipitated  either  by  sulphu- 
retted hydrogen,  or  by  sulphide  of  ammonium.  The  alkaline  earths  and 
their  salts  are  white  or  colourless,  and  not  volatile  at  a  moderate  red 
heat.  The  solutions  of  their  nitrates  and  chlorides  are  not  precipitated 
by  carbonate  of  baryta. 

Special  Eeactions. 
§  95. 

a.  Baryta,  BaO  [BaO]. 

1.  Baryta  is  pretty  readily  soluble  in  hot  water,  but  rather 
sparingly  so  in  cold  water ;  it  dissolves  freely  in  dilute  hydi-ochloric  or 
nitric  acid.  Hydrate  of  baryta  fuses  at  a  red  heat,  without  losin"-  its 
water,  but  this  is  given  off  at  a  very  high  temperature  (Brligelmann). 

2.  Most  of  the  salts  of  baryta  are  insoluble  in  Water.  The 
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soluble  salts  do  not  affect  vegetable  colours ;  they  are  decomposed  when 
ignited  in  a  glass  tube,  with  the  exception  of  the  chloride,  bromide,  and 
iodide  of  barium.  The  insoluble  salts  dissolve  in  dilute  hydrochloric 
acid,  except  sulphate  of  baryta  and  silicofluoiide  of  bai^ium.  Niti-ate  of 
baryta  and  chloride  of  barium  are  insoluble  in  alcohol,  and  do  not 
deliquesce  in  the  air.  Concentrated  solutions  of  baryta  are  precipitated 
by  concentrated  hydrochloric  or  nitric  acid  if  the  acid  is  added  in  large 
proportion,  chloride  of  barium  and  nitrate  of  baryta  being  insoluble  in 
the  concentrated  aqueous  solutions  of  the  said  acids. 

3.  Ammonia  produces  no  precipitate  in  aqueous  solutions  of  salts 
of  baryta ;  potassa  or  soda  (free  from  carbonic  acid)  only  in  higlily 
concentrated  solutions.  Water  redissolves  the  bulky  precipitate  of 
crystals  of  hydrate  of  baryta,  BaO,HO  +  8aq  [BaH„0,,,8H,,0],  pro- 
duced by  potassa  or  soda. 

4.  Carbonates  of  the  alkalies  throw  down  carbonate  of  barytii, 
BaO,CO„  [BaCOs],  in  the  form  of  a  white  precipitate.  If  the  solution 
was  pi'eviously  acid,  complete  precipitation  takes  place  only  after  ]ie;it- 
ing  the  liquid.  The  precipitate  is  soluble  in  chloride  of  ammonium  to 
a  trifling  yet  clearly  perceptible  extent ;  carbonate  of  ammonia  there- 
fore produces  no  precipitate  in  very  dilute  solutions  of  baryta  containing 
much  chloride  of  ammonium. 

5.  Sulphtiric  acid  and  all  the  soluble  sulphates,  more  paiticularly 
also  solution  of  sulphate  of  lime,  produce,  even  in  very  dilute  solutions, 
a  heavy,  finely  pulverulent,  white  precipitate  of  sulphate  of  baryta, 
BaOjSOj  [BaSOj],  which  is  insoluble  in  alkalies,  nearly  so  in  dilute  acids, 
but  perceptibly  soluble  in  boiling  concentrated  hydrochloric  and  nitric 
acids,  as  well  as  in  concentrated  solutions  of  ammonia  salts ;  in  the 
latter,  however,  only  if  there  is  no  excess  of  sulphuric  acid  or  a  sulphate 
present.  This  precipitate  is  generally  formed  immediately  the  reagent 
is  added  ;  from  highly  dilute  solutions,  however,  especially  when  strongly 
acid,  it  separates  only  after  some  time. 

6.  Hydrofluo silicic  acid  throws  down  silico fluoride  of 
barium,  BaF,SiF2  [BaSiFJ,  in  the  form  of  a  colotirless  crystalline 
quickly  subsiding  precipitate.  In  dilute  solutions,  this  precipitate  is 
formed  only  after  the  lapse  of  some  time  :  it  is  perceptibly  soluble  in 
hydrochloric  and  nitric  acids.  The  addition  of  an  equal  volume  of 
alcohol  hastens  the  precipitation,  and  makes  it  so  complete  that  the 
filtrate  remains  clear  on  the  addition  of  sulphuric  acid. 

7.  Phosphate  of  soda  in  neutral  or  alkaline  solutions  of  baiyta 
salts  prod\ices  a  white  precipitate  of  phosphate  of  baryta, 
2BaO,B[0,PO.  [BaHPOJ,  which  is  soluble  in  free  acids.  Addition  of 
ammonia  only  slightly  increases  the  quantity  of  this  precipitate,  ii 
portion  of  which  is  converted  into  basic  phosphate  of  baryta, 
oBaOjPOj  [BajlPOJ.J,  by  this  reagent.  Chloride  of  ammonium  dis- 
solves the  precipitate  to  a  clearly  perceptible  extent. 

8.  Oxalate  of  ammonia  in  moderately  dilute  solutions  produces  m 
Avhite  pulverulent  precipitate  of  oxalate  of  baryta, 

2BaO,Cp„  +  2aq  [BaCA,H,0], 
which  is  soluble  in  hydrochloric  and  nitric  acids.    When  recently  thrown 
down,  this  precipitate  dissolves  also  in  oxalic  and  acetic  acids ;  but  the 
solutions  speedily  deposit  acid  oxalate  of  baryta, 
BaO,HO,Cp,  +  2aq  [BaH,C,0„.2H,0], 
in  the  form  of  a  cryst.illine  powder. 
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9  Chromate  of  potassa,  ami  dichvoinate  of  potassa,  produce  a 
bright  yellow  precipitate  of  chromate  of  baryta,  BaO,Cr03  [BaCrO,], 
even  in  very  dilute  solutions  of  salts  of  baryta.  Ihe  precipitate  dis- 
solves readily  in  hydrochloric  or  nitric  acid  to  a  yellowish  red  solution, 
from  which  it  is  thrown  down  again  by  ammonia;  it  is  insoluble  m 
acetic  acid  and  chromic  acid.  i     ^  ,     -^i,  n  4. 

10  If  soluble  salts  of  baryta  in  powder  are  heated  with  dilute 
spirit  of  wine,  they  impart  to  the  flame  a  greenish-yellow  colour. 

11  If  salts  of  baryta  are  held  on  the  loop  of  a  platinum  wire  in 
the  fusing  zone  of  the  Bunsen  gas  flame,  the  part  of  the  flame  above 
the  sample  is  coloured  yellowish  green;  or  if  the  baryta  salts  are 
held  in  the  inner  spirit  blowpipe  flame,  the  same  coloration  is  im- 
parted to  the  part  of  the  flame  before  the  sample.  With  soluble  baryta 
salts,  and  also  Avith  carbonate  and  sulphate  of  baryta,  the  reaction  takes 
place  immediately  or  very  quickly ;  but  the  phosphate  must  be  pre- 
viously moistened  with  sulphuric  acid  or  hydrochloric  acid ;  by  similar 
treatment,  baryta  may  be  detected  by  the  flame  coloration  also  in 
siUcates  decomposable  by  acids.  Silicates  which  are  not  decomposed  by 
hydrochloric  acid  must  be  fused  with  carbonate  of  soda,  when  the  car- 
bonate of  baryta  produced  will  show  the  reaction.  It  is  characteristic 
of  the  yeUowish-green  baryta  coloration  of  the  flame  that  it  appears 
bluish-green  when  viewed  through  the  green  glass.  If  the  sulphates 
are  used  for  the  experiment,  the  presence  of  Hme  and  strontia  will  not 
interfere  with  the  reaction.  The  baryta  spectrum  is  shown  in  the 
coloured  plate.  The  green  Hues,  a  and  /3  are  the  most  intense ;  y  is  less 
marked,  but  still  characteristic.  Platinum  wire  sometimes  contains 
barium  (Kraut),  so  that  it  is  well  to  see  first  whether  it  wiU  give  a 
barium  spectrum  by  itself. 

12.  Cold  solutions  of  bicarbonates  of  the  alkalies  or  of  carbonate 
of  ammonia  do  not  decompose  sulphate  of  baryta,  or  more  accurately, 
they  decompose  that  salt  only  to  an  almost  imperceptible  extent ;  the 
.same  applies  to  a  boiling  solution  of  1  part  of  carbonate  and  3  parts 
of  sulphate  of  potassa.  The  repeated  action  of  boiling  solutions  of 
monocarbonates  of  the  alkalies  on  sulphate  of  baryta,  however,  at  last 
completely  decomposes  that  salt,  and  it  is  also  readily  decomposed  by 
fusion  with  carbonates  of  the  alkalies ;  a  sulphate  of  the  alkali,  solvible 
dn  water  is  formed,  together  with  carbonate  of  baryta,  insoluble  in  that 
menstruum. 

§9G. 

5.  Strontia,  SrO  [SrO]. 

1.  Strontia,  its  hydrate  and  its  salts  have  nearly  the  same 
general  properties  and  reactions  as  baryta  and  its  corresponding  com- 
pounds. Hydrate  of  strontia  is  more  sparingly  soluble  in  water  than 
hydrate  of  baryta.  Chloride  of  strontium  dissolves  in  absolute  alcohol 
and  deliquesces  in  moist  air.  Nitrate  of  strontia  is  insoluble  in  absolute 
alcohol  and  does  not  deliquesce  in  the  air. 

2.  With  ammonia,  potassa,  and  soda,  and  also  with  the  car- 
Taonates  of  the  alkalies  and  with  phosphate  of  soda,  the  salts  of 
strontia  give  nearly  the  same  I'eactions  as  the  salts  of  baryta.  Car- 
lionate  of  strontia,  however,  is  somewhat  less  soluble  in  chloride  of  am- 
monium than  carbonate  of  iDaryta. 
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3.  Siilphuric  acid  and  sulphates  throw  down  sulphate  of 
strontia,  SrO.SO,  [SrSOJ  in  the  form  of  a  white  precipitate.  Thrown 
down  by  dilute  sulphuric  acid  from  concentrated  solutions,  the  sulphate- 
is  at  first  flocculent  and  amorphous,  afterwards  pulverulent  and  crystal- 
line ;  precipitated  by  dilute  sulphuric  acid  from  dilute  solutions,  or 
produced  by  solutions  of  sulphates,  it  is  immediately  pulverulent  and 
crystalline.  The  application  of  heat  gi-eatly  promotes  the  precipitation. 
Sulphate  of  strontia  is  far  more  soluble  in  water  than  sulphate  of  baryta  ; 
owing  to  this  readier  solubility,  the  precipitated  sulphate  of  strontia 
does  not  separate  from  rather  dilute  solutions  until  some  time  has 
elapsed  ;  and  this  is  invariably  the  case  (even  in  concentrated  solutions) 
if  solution  of  sulphate  of  lime  is  used  as  the  precipitant.  Sulphate 
of  strontia  is  insoluble  in  spirit  of  wine ;  the  addition  of  alcohol,  there- 
fore, will  promote  the  separation  of  the  precipitate.  As  sulphate  of 
strontia  dissolves  perceptibly  in  hydrochloric  acid  and  in  nitric  acid,  the- 
presence  of  large  quantities  of  these  acids  most  seriously  impair  the 
delicacy  of  the  reaction.  If  the  solution  of  sulphate  of  strontia  in  hydro- 
chloric acid  be  diluted  with  water,  it  will  be  rendered  turbid  by  chloride 
of  barium.  Sulphate  of  strontia  does  not  dissolve  when  boiled  with  a 
concentrated  solution  of  sulphate  of  ammonia. 

4.  Hydrofluosilicic  acid  does  not  produce  a  precipitate  even  in 
concentrated  solutions ;  even  when  an  equal  volume  of  alcohol  is  added 
no  precipitation  takes  place,  unless  the  solution  is  concentrated. 

5.  Oxalate  of  ammonia,  even  from  rather  dikite  solutions,  throws 
down  oxalate  of  strontia,  2SrO,Cp^  -f  aq  [2SrC.Oj,5H.O],  in  the  form 
of  a  white  precipitate  which  dissolves  readily  in  hydrochloric  and  nitric 
acid,  and  perceptibly  in  salts  of  ammonia,  but  is  only  sparingly  soluble 
in  oxalic  and  acetic  acids. 

6.  Bichromate  of  potassa  does  not  precipitate  solutions  of  salts  of 
strontia,  even  when  they  are  concentrated.  Ifeutral  chromate  of 
potassa  produces  no  precipitate  at  first;  but  on  long  standing,  the 
bright  yellow  chromate  of  strontia  separates  in  the  crystalline  form  from 
neutral  solutions,  if  not  too  dilute  ;  it  is  not  formed  if  free  acetic  acid 
is  present.  The  chromate  is  only  slightly  soluble  in  water,  but  readily 
in  hydrochloric,  nitric,  and  chromic  acids. 

7.  If  salts  of  strontia  soluble  in  water  or  alcohol  are  heated  with 
dilute  spirit  of  wine,  and  the  spirit  is  ignited,  the  flame  appears  of  a 
very  intense  carmine  colour,  more  particularly  on  stirring  the  alcoholic 
mixtui"e. 

8.  If  a  strontia  salt  is  held  in  the  fusing  zone  of  the  Bunsen  gas 
flame,  or  in  the  inner  spirit  blowpipe  flame,  an  intensely  red 
colour  is  imparted  to  the  flame.  With  chloride  of  strontium,  the  re- 
action is  the  most  distinct,  less  clear  with  strontia  and  carbonate  of 
strontia,  fainter  still  with  sulphate  of  strontia,  and  scarcely  at  all  with 
strontia  salts  of  fixed  acids.  The  sample,  therefore,  after  its  first  ex- 
posure to  the  flame,  should  be  moistened  with  hydrochloric  acid,  and 
then  again  placed  in  the  flame.  If  sulj)hate  of  strontia  is  likely  to  be 
present,  the  sample  is  first  exposed  for  a  short  time  to  the  reducing  flame- 
(to  produce  sulphide  of  strontium),  before  it  is  moistened  with  hydro- 
chloric acid.  Viewed  through  the  blue  glass,  the  strontia  flame 
appears  purple  or  rose  (difference  between  strontia  and  lime,  the  latter 
exhibiting  a  faint  greenish-gray  colour  when  treated  in  this  manner) ; 
this  reaction  is  best  seen  if  the  sample  moistened  vdth.  hydrochloric  acid 


§  97.] 

is  aUowed  to  spirt  up  in  the  flame.  In  presence  of  baryta,  the  strontia 
reaction  is  seen  only  when  the  sample  moistened  with  hydrochloric  acid 
is  fii'st  introduced  into  the  flame.  The  strontia  spectrum  is  shown  in 
the  coloured  plate.  It  contains  a  number  of  characteristic  lines,  more 
especially  the  orange  line  a,  the  red  lines  ^  and  y,  and  the  blue  line  5  ; 
the  latter  is  more  particularly  suited  for  the  detection  of  strontia  in 

presence  of  baryta  and  Hme.  i 

9  Sulphate  of  strontia  is  completely  decomposed  by  continued  diges- 
tion with  solutions  of  carbonate  of  ammonia,  or  of  the  carbonates 
or  bicarbonates  of  tbe  alkaUes,  but  much  more  rapidly  by  boihng 
with  a  solution  of  1  part  of  carbonate  of  potassa  and  3  parts  of 
sulphate  of  potassa  (essential  difference  between  sulphate  ot  strontia 
and  sulphate  of  baryta). 

§97. 

c.  Lime,  CaO  [CaO]. 

1.  Lime,  its  hydrate  and  its  salts,  in  their  general  properties  and 
reactions,  bear  a  very  close  resemblance  to  baryta  and  strontia  and 
their  corresponding  compounds.  Hydrate  of  lime  is  far  more  sparingly 
soluble  in  water  than  the  hydi^ates  of  baryta  and  strontia ;  it  is  also  less 
soluble  in  hot  than  in  cold  water.  Hydrate  of  lime  loses  its  water  on 
ignition.  Chloride  of  calcium  and  nitrate  of  lime  are  soluble  in  absolute 
alcohol,  and  deHquesce  when  exposed  to  the  air. 

2.  Ammonia,  potassa,  soda,  carbonates  of  tlie  alkalies,  and 
phosphate  of  soda  give  nearly  the  same  reactions  with  salts  of  lime  as 
with  salts  of  baryta.  Kecently  precipitated  carbonate  of  lime, 
CaOjOOj  [CaCOj],  is  bulky  and  amorphous,  but  after  a  time,  and  imme- 
diately when  heated  in  the  liquid,  it  falls  down  and  assumes  a  crystal- 
line form.  Eecently  precipitated  carbonate  of  lime  dissolves  pretty 
readily  in  solution  of  chloride  of  ammonium ;  but  the  solution  speedily 
becomes  turbid,  and  deposits  the  greater  part  of  the  dissolved  salt  in 
the  form  of  crystals. 

3.  Sulphuric  acid  and  sulphate  of  soda,  in  highly  concentrated 
solutions  of  lime  salts,  immediately  produce  a  white  precipitate  of 
sulphate  of  lime,  CaO,S03  +  2aq  [OaSO„2H,0],  which  redissolyes  com- 
pletely in  a  large  proportion  of  water,  and  is  far  more  soluble  in  acids. 
Sulphate  of  lime  dissolves  readily  when  boiled  with  a  concentrated 
solution  of  sulphate  of  ammonia.  In  less  concentrated  solutions  of  lime, 
the  precipitates  are  formed  only  after  the  lapse  of  some  time ;  and  no 
precipitation  whatever  takes  place  in  dilute  solutions.  Solution  of 
sulphate  of  lime  of  course  cannot  produce  a  precipitate  in  salts  of  lime ; 
but  even  a  cold  saturated  solution  of  sulphate  of  potassa,  mixed  with  3 
parts  of  water,  does  not  produce  a  precipitate  until  the  mixture  has  been 
allowed  to  stand  from  twelve  to  twenty-four  hours.  If  two  volumes  of 
alcohol  are  added  to  solutions  of  lime  which  are  so  very  dilute  that 
sulphuric  acid  has  no  apparent  action  on  them,  a  precipitate  will  form 
either  immediately,  or  after  the  lapse  of  some  time. 

4.  Hydrofluosilicic  acid  does  not  precipitate  salts  of  lime,  even 
when  an  equal  volume  of  alcohol  is  added, 

5.  Oxalate  of  ammonia  produces  a  white  pulverulent  precipitate 
of  oxalate  of  lime.  If  the  solutions  are  moderately  concentrated  or 
hot,  the  precipitate,  2CaO,C^05  +  ^'^^  [CaCo04,H.p]j  forms  at  once  ;  but 
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if  they  are  very  dilute  and  cold,  it  forms  only  after  some  time  ;  in  the 
latter  case  it  is  more  distinctly  ciystalline,  and  consists  of  a  mixture  of 
the  above  salt  with  2CaO,C,Og  +  6aq  [CaC,0„3H.p].  Oxalate  of  lime 
dissolves  readily  in  hydrocldoric  and  nitric  acids,  but  not  appreciably 
in  acetic  or  oxalic  acids. 

6.  Neither  cliromate  of  potassa  nor  dichromate  of  potassa  pre- 
cipitates solutions  of  salts  of  lime. 

7.  When  soluble  salts  of  lime  are  heated  with  dilute  spirit  of  wine, 
they  impart  to  the  flame  of  the  latter  an  orange- red  colour,  which  is 
liable  to  be  confounded  with  that  communicated  to  the  flame  of  alcohol 
by  salts  of  strontia. 

8.  If  salts  of  lime  are  held  in  the  fusing  zone  of  the  Bunsen  gas 
flame,  or  in  the  inner  spirit  blowpipe  flame,  they  impart  to  the 
flame  an  orange-red  colour.  This  reaction  is  the  most  distinct  with 
chloride  of  calcium ;  sulphate  of  lime  shows  it  only  after  its  incipient 
decomposition,  and  carbonate  of  lime  also  most  distinctly  after  the 
escape  of  the  carbonic  acid.  Compounds  of  lime  with  fixed  acids  do 
not  coloui-  flame ;  those  which  are  decomposed  by  hydrochloric  acid 
will,  however,  show  the  reaction  after  moistening  with  that  acid^ 
The  reaction  is  in  such  cases  promoted  by  flattening  the  loop  of  the 
platinum  wire,  placing  a  small  portion  of  the  lime  compound  upon  it, 
letting  it  frit,  adding  a  drop  of  hydrochloric  acid,  which  remains  hang- 
ing to  the  loop,  and  then  holding  the  latter  in  the  fusing  zone.  The 
reaction  is  most  distinctly  seen  at  the  instant  the  drop  evaporates  and 
disappears ;  this  takes  place,  as  in  Leidenfrost's  phenomenon,  without 
ebullition  (Bunsen).  Viewed  through  the  green  glass,  the  lime 
coloration  of  the  flame  appears  finch-green  on  letting  the  sample  moist- 
ened with  hydrochloric  acid  spirt  in  the  flame  (difierence  between 
lime  and  strontia ;  the  latter,  under  similar  cii'oumstances,  shows  a  very 
faint  yellow.  Merz).  In  presence  of  baryta,  the  lime  reaction  is  only 
seen  on  the  first  introduction  of  the  sample  into  the  flame.  The  lime 
spectrum  is  shown  in  the  plate  of  spectra.  The  intensely  green  line  /3 
is  more  particularly  characteristic,  also  the  intensely  orange  line  a.  It 
requires  a  very  good  apparatus  to  show  the  indigo-blue  line  to  the  right 
of  G  in  the  solar  spectrum,  as  this  is  much  less  luminous  than  the  other 
lines. 

9.  With  monocarbonates  and  bicarbonates  of  the  alkalies,  as  also 
with  a  solution  of  carbonate  and  sulphate  of  potassa,  sulphate  of  lime 
shows  the  same  reactions  as  sulphate  of  strontia. 

§98. 

d.  Magnesia,  MgO  [MgO]. 

1.  Magnesium  is  silver  white,  hard,  malleable,  of  1*74  sp.  gr. ;  it 
melts  at  a  moderate  red  heat,  and  volatilizes  at  a  white  heat.  When 
ignited  in  the  air,  it  burns  with  a  dazzling  white  flame,  forming  mag- 
nesia. It  preserves  its  lustre  in  dry  air,  but  gradually  becomes  coated 
with  hydrate  of  magnesia  when  exposed  to  moist  air.  Pure  water  is 
not  decomposed  by  magnesium  at  the  ordinary  temperature,  but  m 
water  acidified  with  hydrochloric  or  sulphuric  acid,  magnesium  dissolves 
rapidly  with  evolution  of  hydrogen. 

2.  Magnesia  and  its  hydrate  are  white  powders  far  more  bulky 
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than  the  other  alkaline  earths  and  their  hydrates.  Magnesia  and 
hydi-ate  of  magnesia  are  almost  insoluble  in  water  whether  cold  or  hot. 
Hydrate  of  magnesia  loses  its  water  when  ignited. 

3.  Some  of  the  salts  of  magnesia  are  soluble  in  water,  others 
insoluble.  The  soluble  salts  of  magnesia  have  a  nauseous  bitter  taste ; 
in  the  neutral  state  they  do  not  alter  vegetable  colours;  with  the 
exception  of  sulphate  of  magnesia,  they  undergo  decomposition  when 
gently  ignited,  and  the  greater  part  of  them  even  on  merely  evaporating 
their  solutions.  Sulphate  of  magnesia  loses  its  acid  at  a  white  heat. 
Nearly  all  the  salts  of  magnesia  which  are  insoluble  in  water  dissolve 
readily  in  hydrochloric  acid. 

4.  Ammonia  throws  down  from  the  solutions  of  neutral  salts  part 
of  the  magnesia  as  hydrate,  MgO,HO  [MgH.OJ  in  the  form  of  a  white 
bulky  precipitate.  ^  The  rest  of  the  magnesia  remains  in  solution  as  a 
double  salt,  that  is,  in  combination  with  the  ammonia  salt  which  is 
formed  by  the  decomposition  of  the  salt  of  magnesia;  these  double 
salts  are  not  decomposed  by  a  small  excess  of  ammonia.  It  is  owing  to 
this  tendency  of  salts  of  magnesia  to  form  such  double  salts  with 
ammoniacal  compounds  that  ammonia  faOs  to  precipitate  them  in 
presence  of  a  sufficient  proportion  of  an  ammonia  salt  with  neutral 
reaction ;  or,  what  is  the  same,  that  ammonia  produces  no  precipitate 
m  solutions  of  magnesia  containing  a  sufficient  quantity  of  free  acid, 
and  that  precipitates  produced  by  ammonia  in  neutral  solutions  of 
magnesia  are  redissolved  on  adding  chloride  of  ammonium.  It  should 
be  borne  in  mind,  that  in  solutions  containing  only  1  equivalent  of  an 
ammonia  salt  (sulphate  of  ammonia  or  chloride  of  ammonium)  to  1 
equivalent  of  magnesia  salt,  although  no  precipitate  is  produced  by  the 
addition  of  a  sHght  excess  of  ammonia,  yet  a  portion  of  the  magnesia  is 
thrown  down  on  adding  a  large  excess  of  ammonia. 

5.  Potassa,  soda,  baryta,  and  lime  throw  down  hydrate  of 
magnesia;  the  separation  of  the  precipitate  is  greatly  promoted  by 
boiling  the  mixture  Chloride  of  ammonium  and  simSar  salts  of 
ammonia  redissolve  the  washed  precipitated  hydrate  of  magnesia.  If 
the  salts  of  ammonia  are  added  in  sufficient  quantity  to  the  solution  of 
magnesia  before  the  addition  of  the  precipitant,  small  quantities  of  the 
latter  faJ  to  produce  a  precipitate.  However,  on  boOing  the  solution 
afterwards  with  an  excess  of  potassa,  the  precipitate  wUl  of  course  make 
Its  appearance  as  the  ammonia  salt  is  decomposed,  and  the  agent 
which  retains  the  hydrate  of  magnesia  in  solution  is  thereby  removed, 
il'^n  P  ^ff' M^'"""/  ^^"^^^^^  °f  magnesia  is  more  soluble  in 
^nfnt? .  1     iTt^  ""l  potassium,  chloride  of  sodium,  sulphate  of 

§S  nre^infft^^        '  ^^^^  °^  this  account 

Its  precipitation  is  less  complete  when  these  salts  are  present  in  large 

quantities    From  such  solutions  the  magnesia  is,  however,  thrown 

down,  for  the  most  part,  by  an  excess  of  solution  of  potassa  or'sodl 

6.  Carbonate  of  potassa  and  carbonate  of  soda  produce  in 
neutral  solutions,  a  of  basic  carbonate  of  mag^ 

fifth  of  the  carbonic  acid  of  the  decomposed  alkaline  carbonate  is 
hberated  m  this  reaction,  and  combines  with  a  portion  of  the  Sonate 

iss^  :^iXr;Sg^^^  rSitiLrr°%?^ 

formed,  MgO,CO./3aq  i^OO^S^r^^:  a^pllS  ^^Z^ 

H  2 
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fore  promotes  the  separation  and  increases  the  quantity  of  the  pre- 
cipitate. Chloride  of  ammonium  and  similar  salts  of  ammonia,  when 
present  in  sufficient  quantity,  prevent  this  precipitation,  and  also 
readily  redissolve  the  precipitates  after  they  have  been  washed. 

7.  If  solutions  of  magnesia  are  mixed  with  carbonate  of  ammonia, 
the  liquid  always  remains  clear  at  first;  but  after  some  time,  it  deposits 
a  crystalline  precipitate,  more  or  less  quickly  according  to  the  concen- 
tration of  the  solution.  When  a  small  quantity  only  of  carbonate  ot 
ammonia  is  added,  the  precipitate  consists  of  carbonate  of  magnesia, 
MgO,C02  +  3aq  [MgCOa.SH.O],  but  when  the  carbonate  of  ammonia 
is  in  large  excess,  it  consists  of  carbonate  of  magnesia  and  am- 
monia, MgO,CO,  +  NHp,CO,  +  4aq  [Mg(HN,),(0O3)„4H,O].  This  pre- 
cipitate is  not  formed  in  very  dilute  solutions.  The  addition  of  ammonia 
and  of  excess  of  carbonate  of  ammonia  promotes  its  separation,  whilst 
cliloride  of  ammonium  hinders  it ;  it  does  not,  however,  prevent  the  for- 
mation of  the  precipitate  in  very  concentrated  solutions. 

8.  PhosptLate  of  soda  added  to  solutions  of  magnesia,  if  they  are 
not  too  dilute,  precipitates  phosphate  of  magnesia, 

2MgO,HO,P05  +  Uaq  [MgHP0„7H,0], 

as  a  white  powder.    On  boiling,  basic  phosphate  of  magnesia, 
3MgO,P05  +  7aq  [Mg3(P04)„7H,0], 

separates,  even  from  rather  dilute  solutions.  If  the  addition  of  the 
precipitant  is,  however,  preceded  by  that  of  chloride  of  ammonium 
and  ammonia  a  white  crystalline  precipitate  of  basic  phosphate  ot 

magnesia  and  ammonia,  ,k,u  ^D^^  ru  m 

2MgO,NHp,PO,+  12aq  [Mg(NH,)P0„6H,0],  ^ 

will  be  thrown  down  even  from  very  dilute  solutions  of  magnesia ;  its 
separation  may  be  greatly  promoted  and  accelerated  by  stirring  with  a 
glass  rod:  even  should  the  solution  be  so  extremely  dilute  that  no 
precipitate  is  formed,  yet  the  lines  of  direction  m  which  the  glass  rod 
has  moved  along  the  side  of  the  vessel  will  after  the  lapse  of 
appear  distinctly  as  white  streaks  (soluble  in  hydrochloric  acid)  Watei 
and  solutions  of  salts  of  ammonia  dissolve  the  precipitate  but  very 
sliehtlv  •  it  is,  however,  readily  soluble  in  acids,  even  m  acetic  acid,  it 
mav  be  considered  as  insoluble  in  water  containing  ammonia. 

9   Oxalate  of  ammonia  produces  no  precipitate  in  very  dilute 
solutions  of  magnesia;  in  less  dUute  solutions  no  precipitate  is  formed 
at  first  but  after  some  time,  crystalline  crusts  of  various  ammonia 
magnes  a  oxalates  make  their  appearance.    In  highly  concentrated 
Sons  oxalate  of  ammonia  very  speedily  produces  a  precipitate  _  of 
soiuuons,  uAciicxt    _     QMrrO  r  O  4-4ari  rMgC.,04,2H„0],  which  contams 
oxalate  of  magnesia,  2MgO,^U6 -i- 4aq  L   6  ^  4.     2  J'  , 
small  quantities  of  the  above-named  double  salts,  /^f  ^^^^l^^f  ^ 
monium  especially  in  presence  of  free  ammoma,  interferes  with  the 
f~on  ofTheVpreci'pitates,  but  does  not  usually  entirely  p-^^^^^^  it^ 
^0  Sulphuric  acid,  hydrofluosilicic  acid,  and  chromate  of 
potassa  do  not  precipitate  salts  of  magnesia. 
11.  Salts  of  magnesia  do  not  colour  flame. 
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§  99. 

Recapitulation  and  Remarks. 

The  sparing  solubility  of  hydrate  of  magnesia,  the  ready  solubility 
of  thfsulpLte  (unless  it  is  present  in  the  natural  form,  either  anhy- 
Sious  or  combined  with  1  equivalent  of  water  and  the  ^^l^^-^^no^ ^^^^ 
of  ma-nesia  to  form  double  salts  with  ammonia  compounds  are  the  three 
prSal  points  in  which  magnesia  differs  from  the  other  alkaline  earths 
CSct^magnesia  in  solutions  containing  all  the  alkaline  earths,  ^t  ^s 
necessaiy  first  to  remove  the  baryta,  strontia,  and  lime.    This  is  effected 
most  conveniently  by  means  of  carbonate  of  ammonia,  with  addition  o 
some  ammonia  and  chloride  of  ammonium,  heat  being  apphed    m  this 
way  the  baryta,  strontia,  and  lime  are  obtained  in_  a  form  ot  com. 
bination  suited  for  further  examination.    If  the  solutions  are  somewhat 
dHute,  and  the  precipitated  fluid  is  quickly  filtered,  the  carbonates  ot 
baryta,  strontia,  and  lime  are  obtained  on  the  filter,  whilst  the  whole  of 
the  magnesia  is  found  in  the  filtrate.    But  as  chloride  of  ammonium 
dissolves  a  little  carbonate  of  baryta,  and  also  a  little  carbonate  ot  lune, 
though  much  less  of  the  latter  than  of  the  former,  trifling  quantities  ot 
these  bases  are  found  in  the  filtrate ;  nay,  where  only  traces  ot  them 
are  present,  they  may  altogether  remain  in  solution     In  accurate 
experiments,  therefore,  the  separation  is  effected  in  the  foUowmg  way : 
the  filtrate  is  divided  into  three  portions,  one  portion  is  tested  witH 
dHute  sulphuric  acid  for  the  trace  of  baryta  which  it  may  contain  m 
solution,  and  another  portion  with  oxalate  of  ammonia  for  the  mmute 
trace  of  lime  which  may  have  remained  in  solution.    If  the  two  re- 
agents produce  no  turbidity  even  after  some  time,  the  thu-d  portion  is 
tested  for  magnesia  with  phosphate  of  soda.    But  if  one  of  the 
reagents  causes  turbidity,  the  solution  is  filtered  from  the  gradually 
subsiding  precipitate,  and  the  filtrate  tested  for  magnesia.  Should 
both  reagents  produce  precipitates,  the  two  first  portions  are  mixed 
together,  filtered  after  some  time,  and  the  filtrate  tested.    To  make 
sure  that  the  precipitate  thrown  down  by  oxalate  of  ammonia  is 
actuaUy  oxalate  of  lime,  and  not,  as  it  may  be,  oxalate  of  magnesia  and 
ammonia,  it  is  dissolved  in  a  little  hydrochloric  acid,  dilute  sulphuric 
acid  is  added,  and  then  spirit  of  wine. 

To  show  the  presence  of  the  baryta,  strontia,  and  lime  in  the  preci- 
pitate produced  by  carbonate  of  ammonia,  the  precipitate  is  dissolved  in 
a  little  dilute  hydrochloric  acid  and  solution  of  gypsum  is  added  to  a 
small  portion  of  this  solution;  the  immediate  formation  of  a  pre- 
cipitate will  prove  the  presence  of  baryta.  The  remainder  of  the 
hydrochloric  acid  solution  is  evaporated  to  dryness  on  the  water-bath, 
and  the  residue  is  treated  with  absolute  alcohol,  which  will  dissolve  the 
chloride  of  strontium  and  the  chloride  of  calcium,  leaving  the  greater 
part  of  the  chloride  of  barium.  The  alcoholic  solution  is  mixed  with  an 
equal  volume  of  water  and  a  few  drops  of  hydrofluosilicic  acid,  and 
allowed  to  remain  at  rest  for  several  hours,  when  the  last  traces  of  the 
baryta  present  will  be  precipitated  as  silicofluoride  of  barium.  The 
solution  is  then  filtered,  and  sulphuric  acid  added  to  the  alcohoHc  filtrate ; 
this  will  throw  down  the  strontia  and  the  lime.  The  precipitate  is 
collected  on  a  filter,  washed  with  weak  spirit  of  wine,  and  the  sulphates 
boiled  for  some  time  with  a  sufficient  quantity  of  sulphate  of  ammonia 


102 


EECAPITULATION.    GROUP  II. 


in  strong  solution,  renewing  the  water  as  it  evaporates  and  adding 
ammonia,  so  as  to  keep  the  liquid  slightly  alkaline ;  sulphate  of 
strontia  remains  undissolved,  while  the  sulphate  of  lime  dissolves. 
After  the  solution  has  been  much  diluted,  the  lime  may  be  thrown 
down  by  oxalate  of  ammonia.  The  mixture  of  sulphate  of  strontia  and 
sulphate  of  lime  may  also  be  treated  as  follows  :  it  Ls  first  boiled  with 
solution  of  carbonate  of  soda,  by  which  means  the  sulphates  are  con- 
verted into  carbonates.  These  are  washed,  dissolved  in  nitric  acid,  the 
solution  evaporated  to  dryness,  and  the  residue  pulverized,  and  digested 
for  a  considerable  time  with  absolute  alcohol  to  which  a  Uttle  ether  has 
been  added ;  the  nitrate  of  lime  will  then  dissolve,  leaving  the  nitrate 
of  strontia  undissolved.  The  latter  may  be  readily  examined,  by  dis- 
solving it  in  a  small  quantity  of  water  and  adding  solution  of  sulphate 
of  lime.  The  lime  in  the  alcoholic  solution  of  nitrate  of  lime  may  be 
detected  by  the  addition  of  sulphuric  acid ;  the  precipitate  of  sulphate 
of  lime  thus  produced,  when  treated  with  water,  should  yield  a  solution 
which  gives  an  immediate  and  considerable  precipitate  with  oxalate  of 
ammonia.  The  separation  of  baryta  and  strontia  from  lime  may  also 
be  effected  by  means  of  chromate  of  potassa.  For  this  purpose  it  is 
best  to  dissolve  the  carbonate  in  acetic  acid  and  precipitate  with  neu- 
tral (yellow)  chromate  of  potassa  (Kammerer).  By  this  means  the 
baryta  is  almost  completely  precipitated  as  chromate  of  baryta,  whilst 
strontia  and  lime  remain  in  solution;  these  may  either  lae  precipi- 
tated by  means  of  dilute  sulphuric  acid  with  addition  of  alcohol,  or 
by  carbonate  of  ammonia,  and  then  separated  by  the  methods  previously 
described.  The  best  and  most  convenient  method  of  detecting  the  alka- 
line earths  in  their  phosphates  is  to  decompose  the  latter  by  means  of 
ferric  chloride,  with  addition  of  acetate  of  soda  (§  142).  The  oxa- 
lates of  the  alkaline  earths  are  converted  into  carbonates  by  ignition, 
preparatory  to  the  detection  of  the  several  earths  which  they  may 
contain.  The  following  method  wOl  serve  to  analyse  mixtures  of  the 
sulphates  of  the  alkaline  earths.  The  mixture  under  examination^  is 
extracted  with  small  portions  of  boiling  water ;  the  solution  contains 
the  whole  of  the  sulphate  of  magnesia,  unless  it  is  present  in  the  native 
anhydrous  state,  besides  a  trifling  quantity  of  sulphate  of  lime.  The 
residue  is  digested,  according  to  H,  Rose's  direction,  in  the  cold  for 
twelve  hours,  with  a  solution  of  carbonate  of  ammonia,  or  boiled  for 
ten  minutes  with  a  solution  of  1  part  of  carbonate  and  3  parts  of  sul- 
phate of  potassa,  collected  on  a  filter,  washed  and  then  treated  with 
dilute  hydrochloric  acid,  which  will  dissolve  the  carbonates  of  strontia 
and  lime  formed,  and  if  the  anhydrous  native  sulphate  of  magnesia  was 
present,  the  carbonate  of  magnesia  or  the  carbonate  of  ammonia  and 
.  magnesia,  but  always  also  a  minute  trace  of  baryta  (Fresenius),  leaving 
behind  the  undecomposed  sulphate  of  baryta.  The  latter  may  then  be 
decomposed  by  fusion  with  carbonates  of  the  alkalies.  The  solutions 
obtained  are  to  be  examined  further  according  to  the  above  dii-ections. 

The  detection  of  baryta,  strontia,  and  lime  in  the  moist  way  is  very 
instructive,  but  also  rather  laborious  and  tedious.  By  means  of  the 
spectroscope,  these  alkaline  earths  are  much  more  readily  detected,  even 
;  when  present  all  three  together.  According  to  the  nature  of  the  acid, 
the  sample  is  either  introduced  at  once  into  the  flame,  or  after  previous 
ignition  in  the  reducing  flame  and  moistening  with  hydrochloric  acid. 
■  To  detect  very  minute  quantities  of  baryta  and  strontia  iii  presence  of 
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large  quantities  of  lime,  a  few  grams  of  the  mixed  carbonates  are  ignited 
for  a  few  minutes  in  a  platinum  crucible  strongly  over  the  blast ;  *  the 
ignited  mass  is  extracted  by  boiling  it  with  a  little  distilled  water,  the 
solution  evaporated  with  hydrochloric  acid  to  dryness,  and  the  residue 
examined  spectroscopically  (Engelbach).  ,  ,  ^     •      i  + 

If  traces  of  lime  and  strontia  are  to  be  tested  for  m  baryta 
minerals,  the  bases  present  are  converted  into  chlorides,  extracted  with 
a  very  small  quantity  of  absolute  alcohol,  and  the  residue^  left  after 
evaporation  is  examined  spectroscopically.  If  strontia  minerals  are 
to  be  examined  for  traces  of  lime  and  baryta,  the  chlorides  are  re- 
peatecUy  extracted,  first  with  cold,  and  then  with  hot  alcohol,  ihe  lime 
is  found  in  the  fii'st  extract  and  the  strontia  in  the  succeeding  extract, 
whilst  the  baryta  is  found  in  the  last  extract  or  in  the  residue.  The 
products  thus  obtained  are  heated  to  redness  in  the  reducing  flame, 
moistened  with  hydrochloric  acid,  and  introduced  into  the  flame 
(Bun sen).  On  the  detection  of  magnesium  by  means  of  its  absorp- 
tion spectrum  comp.  H.  W.  Yog  el  and  F.  v.  Lepel,  Zeit.  anal.  Chem., 
17,  89. 

§  100. 
Third  Group. 

More  common  oxides:— Alumina,  Sesquioxide  of  Chromium. 

Rarer  oxides  :—Beryllia,  Thoria,  Zirconia,  Yttria,  Oxide 
of  Erbium,  Oxides  of  Cerium,  Oxide  of  Lanthanum,  Oxide 
•of  Didymium,  Titanic  Acid,  Tantalic  Acid,  Niobic  Acid. 

Properties  of  the  group.— The  oxides  of  the  third  group  are 
insoluble  in  water,  both  in  the  pure  state  and  as  hydrates.  Their  sul- 
phides cannot  be  produced  in  the  moist  way,  sulphuretted  hydi^ogen 
therefore  fails  to  precipitate  the  solutions  of  their  salts.  From_  the 
solutions  of  the  salts  in  which  the  oxides  of  the  third  group  constitute 
the  base,t  sulphide  of  ammonium  throws  down  the  hydrated  oxides  in 
the  same  way  that  ammonia  does.  This  reaction  with  sulphide  of  am- 
jnonium  distinguishes  the  oxides  of  the  third  from  those  of  the  two 
preceding  groups. 

Special  Eeactions  of  the  more  common  Oxides  of 

the  third  group. 

§  101. 

a.  Alumina,  Al,03  [MM 

1.  Aluminium  is  nearly  white.  It  is  not  oxidized  by  the  action 
of  the  air,  in.  compact  masses  not  even  when  ignited.  It  may  be  filed, 
•and  is  very  malleable  •  its  sp.  gr.  is  only  2-67.  It  is  fusible  at  a  bright 
red  heat.    It  does  not  decompose  water  at  the  boiling  temperature. 

*  The  carbonates  of  baryta  and  strontia  are  much  more  readily  reduced  to  the 
caustic  state  in  this  process  than  would  be  the  case  in  the  absence  of  carbonate  of 
Ume. 

+  The  oxides  of  the  third  group  may  nearly  all  of  them  form  saline  compounds 
by  combining  with  bases  as  well  as  with  acids  ;  alumina,  for  instance,  combines 
with  potassa  yielding  alviminate  of  potassa,  with  sulphuric  acid  to  form  sulphate 
of  alumina.  The  oxides  of  the  third  group  stand,  accordingly,  partly  on  the 
verge  between  bases  and  acids.  Those  which  incline  moro  to  the  latter,  as  is  the 
case  with  the  three  last  members  of  the  group,  are  therefore  also  called  acids. 
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Aluminium  dissolves  readily  in  hydrochloric  acid,  as  well  as  in  hot 
solution  of  potassa,  with  evolution  of  hydrogen.  Nitric  acid  dissolves 
it  only  slowly,  even  with  the  aid  of  heat. 

2.  Alumina  is  non- volatile  and  colourless;  the  hydrate  is  also 
colourless.  Alumina  dissolves  in  dilute  acids  slowly  and  with  very 
great  difficulty,  but  more  readily  in  concentrated  hot  hydrochloric  acid. 
In  fused  bisulphate  of  potassa,  it  dissolves  readily  to  a  mass  soluble  in 
water.  The  hydrate  in  the  amorphovis  condition  is  readily  soluble  in 
acids ;  in  the  crystalline  state,  it  dissolves  in  them  with  very  great 
difi&culty.  After  ignition  with  alkalies,  the  alumina,  or,  more  correctly 
speaking,  the  alkaline  aluminate  formed,  is  readily  soluble  in  acids. 

3.  The  salts  of  alumina  are  colourless  and  non- volatile ;  some  of 
them  are  soluble,  others  insoluble.  The  anhydrous  chloride  is  solid, 
colourless,  crystalline,  volatile.  The  soluble  salts  have  a  sweetish^ 
astringent  taste,  redden  litmus  paper,  and  lose  their  acid  when  ignited. 
The  insoluble  salts  are  dissolved  by  hydrochloric  acid,  with  the  excep- 
tion of  certain  native  compounds  of  alumina ;  the  compounds  of  alumina 
wliich  are  insoluble  in  hydrochloric  acid,  are  decomposed  and  made 
soluble  by  ignition  with  carbonate  of  soda  and  potassa,  or  bisulphate  of 
potassa.  This  decomposition  and  solution  may,  however,  be  effected 
also  by  heating  them,  in  fine  powder,  with  hydrochloric  acid  of  25  per 
cent.,  or  with  a  mixture  of  3  parts  by  weight  of  sulphuric  acid,  and 
1  part  by  weight  of  water,  in  sealed  glass  tubes,  at  200°— 210°  for  two- 
hours  (A.  Mitscherlich). 

4.  Potassa  and  soda  throw  down  from  solutions  of  alumina  salts  a 
bulky  precipitate  of  hydrate  of  alumina,  Aip^jSHO  [AUCOHy, 
which  contains  alkali  and  generally  also  an  admisrture  of  basic  salt; 
this  precipitate  redissolves  readily  and  completely  in  an  excess  of  the 
precipitant ;  this  solution  remains  clear  when  boiled,  but  the  hydrate  of 
alumina  is  reprecipitated  on  adding  chloride  of  ammonium,,  even  in  the 
cold,  more  completely  on  appHcation  of  heat  (compare  §  53).  The 
precipitate  does  not  dissolve  in  excess  of  chloride  of  ammonium.  The 
presence  of  salts  of  ammonia  does  not  prevent  the  precipitation  by 
potassa  or  soda. 

5.  Ammonia  and  also  sulphide  of  ammonium  produces  a  pre- 
cipitate of  hydrate  of  alumina,  which  contains  ammonia  and  an 
admixture  of  basic  salt ;  this  precipitate  redissolves  in  a  large  excess 
of  ammonia,  but  only  with  difficulty,  and  this  is  the  greater  the  larger 
the  quantity  of  salts  of  ammonia  contained  in  the  solution.  Boiling 
promotes  precipitation,  as  it  drives  off  the  excess  of  ammonia.  It  is  this 
behaviour  which  accounts  for  the  complete  precipitation  of  hydrate  of 
alumina  from  the  solution  in  potassa  or  soda  by  an  excess  of  chloride- 
of  ammonium. 

6.  Carbonates  of  tlie  alkalies  precipitate  basic  carbonate  of 
alumina,  which  is  somewhat  soluble  in  excess  of  fixed  alkahne  car- 
bonate, but  less  soluble  in  excess  of  carbonate  of  ammonia.  Boiling 
promotes  precipitation  by  the  latter. 

7.  If  the  solution  of  a  salt  of  alumina  is  digested  with  finely  divided 
carbonate  of  baryta,  the  greater  part  of  the  acid  of  the  alumina  salt 
combines  with  the  baryta,  the  liberated  carbonic  acid  escapes,  and  tke 
alumina  is  completely  precipitated  as  hydrate  mixed  with  basic 
salt  of  alumina;  even  digestion  in  the  cold  suffices  to  produce  this 
reaction. 
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Note  to  4,  5,  6,  and  7.— Tartaric,  citric,  and  other  non-volatile 
orcranic  acids  completely  prevent  the  precipitation  of  alumina  as  hydrate 
or*' basic  salt,  Avhen  they  are  present  in  any  notable  quantity.  The 
presence  of  sugar  and  similar  organic  substances  interferes  with  the 
completeness  of  the  precipitation. 

8.  Phosphate  of  soda  precipitates  phosphate  of  alUmma, 
Al„o"  PO  +  8aq  [AI,,P,08,8H.,0],  from  solutions  of  salts  of  alumina.  The 
bulky  white  precipitate  is  readily  soluble  in  potash  or  soda  solution, 
with  difficulty  in  ammonia,  and  scarcely  at  all  in  presence  of  ammonia 
salts  ;  chloride  of  ammonium  therefore  precipitates  it  from  its  solution 
in  potash  or  soda.  The  precipitate  is  readily  soluble  in  hydrochloric  or 
nitric  acid,  but  not  in  acetic  acid  (difference  from  alumina)  ;  acetate  of 
soda,  therefore,  precipitates  it  from  its  solution  in  hydrochloric  acid,  if 
the  latter  is  not  in  too  great  excess.  Tartaric  acid,  sugar,  &c.,  do  not 
prevent  the  precipitation  of  phosphate  of  alumina,  but  citric  acid  doea 
prevent  it  (Grothe). 

9.  Oxalic  acid  and  its  salts  do  not  precipitate  the  solutions  of  salts 
of  alumina. 

10.  Sulphate  of  potash,  added  to  very  concentrated  solutions  of 
salts  of  alumina,  occasions  the  gradual  separation  of  sulphate  of  alumina 
and  potash,  alum,  K0,S03  +  A1P3,3S03  +  24aq  [KAI(S0,)„12H,0],  in  the 
form  of  crystals,  or  of  a  crystalline  powder. 

11.  If  alumina  or  one  of  its  compounds  is  ignited  upon  charcoal 
before  the  blowpipe,  and  afterwards  moistened  with  a  solution  of 
nitrate  of  cobalt,  and  then  again  strongly  ignited,  an  unfused  mass  of 
a  deep  sky-blue  colour  is  produced,  which  consists  of  a  compound  of 
the  two  oxides.  The  blue  colour  becomes  distinct  only  on  cooling.  By 
candleHght,  it  appears  violet.  This  reaction  is  in  a  measure  to  be  relied 
on  only  in  the  case  of  infusible  or  difficultly  fusible  compounds  of  alumina 
pretty  free  from  other  oxides ;  it  is  never  qviite  decisive,  since  cobalt 
solution  gives  a  blue  colour  under  similar  circumstances  not  only  with 
readily  fusible  compounds,  but  also  with  certaui  infusible  compounds  free, 
from  alumina,  such  as  the  neutral  phosphates  of  the  alkaline  earths. 

§  102. 

h.  Sesquioxide  of  Chromium,  OrPg  [CrAl- 

1.  Sesquioxide  of  chromium  is  a  green,  its  hydrate  a  bluish  . 
gray-green  powder.    The  hydrate  dissolves  readily  in  acids ;  the  non- 
ignited  sesquioxide  dissolves  less  readily,  whilst  the  ignited  sesquioxide 
is  almost  insoluble. 

2.  The  salts  of  sesquioxide  of  chromium  are  of  a  green  or 
violet  colour.  Many  of  them  are  soluble  in  water,  and  most  of  them 
dissolve  in  hydrochloric  acid.  The  solutions  are  of  a  fine  green  or  a 
dark  violet  colour ;  the  latter,  however,  changes  to  green  on  heating.. 
The  salts  of  sesquioxide  of  chromium  with  volatile  acids  are  decomposed 
by  ignition,  the  acids  being  expelled.  The  salts  of  sesquioxide  of 
chromium  which  are  soluble  in  water  redden  litmus.  Anhydrous 
sesquichloride  of  chromium  is  crystalline,  violet-coloured,  insoluble  in 
water  and  in  acids,  and  volatilizes  with  difficulty. 

3.  Potassa  and  soda  produce  in  the  green  as  well  as  in  the  violet 
solutions  a  bluish-green  precipitate  of  hydrate  of  sesquioxide  of 
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cliromium,  which  dissolves  readily  and  completely  in  an  excess  of  the 
precipitant,  imparting  to  the  liquid  an  emerald-green  tint.  On  long- 
continued  ebullition  of  this  solution,  the  whole  of  the  hydrated  sesqui- 
oxide  separates  again,  and  the  supernatant  liquid  appears  perfectly 
coloui'less.  The  same  reprecipitation  takes  place  if  chloride  of  am- 
monium is  added  to  the  alkaline  solution ;  the  application  of  heat  pro- 
motes the  separation  of  the  precipitate. 

4.  Ammonia  and  also  sulphide  of  ammonium  produces  in  green 
solutions  a  grayish-green,  in  violet  solutions  a  grayish-blue  precipitate  of 
hydrate  of  sesquioxide  of  chromium.  The  former  precipitate 
dissolves  in  cold  hydrochloric  acid  to  a  green  solution,  the  latter  to  a 
violet-coloured  solution.  Other  cu-cumstances  (concentration,  way  of 
adding  the  ammonia,  &c.)  also  exei-cise  some  influence  on  the  composi- 
tion and  colour  of  these  hydrates.  A  small  portion  of  the  hydrates 
redissolves  in  an  excess  of  the  precipitant  in  the  cold,  imparting  to  the 
solution  a  peach-blossom  red  tint ;  but  if  the  mixture  is  heated  after  the 
addition  of  ammonia  in  excess,  the  precipitation  is  complete. 

5.  Carbonates  of  the  alkalies  precipitate  basic  carbonate  of 
sesquioxide  of  chromium,  which  redissolves  slowly  and  with 
difficulty  in  excess  of  the  precipitant. 

6.  Carbonate  of  baryta  precipitates  the  whole  of  the  sesquioxide 
as  a  greenish  hydrate  mixed  with  basic  salt.  Precipitation 
takes  place  in  the  cold,  but  is  complete  only  after  long-continued 
digestion. 

Note  to  4,  5,  and  6. — Tartaric  and  citric  acids,  sugar,  and  oxalic 
acid  interfere  more  or  less  with  the  precipitation  of  violet  or  gi-een  solu- 
tions of  oxide  of  chromium  by  ammonia,  the  first  formed  precipitates 
frequently  redissolving  entirely  to  violet  or  green  hquids  after  long 
standing.  The  acids  above-mentioned  usually  prevent  the  precipita- 
tion by  carbonate  of  soda.  In  the  presence  of  these  acids,  also,  the 
precipitation  by  carbonate  of  baryta  is  incomplete. 

7.  If  a  sokition  of  sesquioxide  of  cliromium  in  solution  of  potassa  or 
soda  is  mixed  with  some  brown  peroxide  of  lead  in  excess,  and  the 
mixture  boiled  for  a  short  time,  the  sesquioxide  of  chromium  is  oxidized 
to  chromic  acid;  on  filtering,  a  yellow  liquid  is  obtained,  which  con- 
tains chromate  of  oxide  of  lead  dissolved  in  solution  of  potassa 
or  soda.  When  this  solution  is  acidified  with  acetic  acid,  the  chromate 
of  lead  separates  as  a  yellow  precipitate  (Chancel).  Yery  minute 
traces  of  chromic  acid  may  be  detected  in  this  solution  with  still  greater 
certainty  by  acidifying  with  hydrochloric  acid,  and  bringing  it  in  con- 
tact with  peroxide  of  laydrogen  and  ether.    Compare  §  138. 

8.  The  fusion  of  sesquioxide  of  clu-omium  or  of  any  of  its  compounds 
with  nitrate  of  soda  and  carbonate  of  soda,  or  still  better,  with 
chlorate  of  potassa  and  carbonate  of  soda,  gives  rise  to  the  for- 
mation of  a  yellow  alkaline  chromate,  which  dissolves  in  water 
yielding  an  intensely  yellow  sokition.  For  the  reactions  of  clu-omic 
acid  see  §  138. 

9.  Microcosmic  salt  dissolves  sesquioxide  of  chromium  and  its 
salts,  both  in  the  oxidizing  and  reducing  flame  of  the  blowpipe,  to  a 
clear  bead  of  a  faint  yellowish-green  tint,  which  on  cooling  changes  to 
emerald-green.  The  sesquioxide  of  chi'omium  audits  salts  show  a 
similar  reaction  with  borax.  Either  the  Bunsen  gas  flame  (§  16)  or 
the  blowpipe  flame  may  be  used  for  the  experiment. 


§§  103,  104.] 
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§  103. 

Recapitulation  and  Remarks. 

The  solubility  of  hych-ate  of  alumina  in  solutions  of  potassa  and  soda 
(or  in  baryta  water,  which  is  preferable,  unless  the  potassa  or  soda  is  quite 
free  from  silica  and  alumina,  Beckmann),  and  its  reprecipitation  from 
the  alkaline  solutions  by  chloride  of  ammonium,  afford  a  safe  means  of 
detecting  alumina  in  the  absence  of  sesquioxide  of  chromium.  If,  how- 
ever, the  latter  is  present,  which  is  seen  either  by  the  colour  of  the  solu- 
tion, or  by  the  blowpipe  reaction  with  microcosmic  salt,  it  must  be 
removed  before  alumina  can  be  tested  for.  The  most  complete  separa- 
tion of  sesquioxide  of  cln-omium  from  alumina  is  effected  by  fusing  1 
pai-t  of  the  mixed  oxides  with  2  parts  of  carbonate  and  2  parts  of 
chlorate  of  potassa,  which  may  be  done  in  a  platinum  crucible.  The 
yellow  mass  obtained  is  then  boiled  with  water ;  in  this  way  the  whole 
of  the  chromium  is  dissolved  as  chromate  of  potassa,  and  part  of  the 
alumina  as  aluminate  of  potassa,  the  rest  of  the  alumina  remaining 
undissolved.  If  the  solution  is  acidified  with  nitric  acid,  it  acquii^es  a 
reddish-yellow  tint ;  and  on  adding  ammonia  to  feebly  alkaline  reaction, 
the  dissolved  portion  of  the  alumina  separates. 

The  precipitation  of  sesquioxide  of  chromium  effected  by  boiling  its 
solution  in  solution  of  potassa  or  soda  is  also  sufiiciently  exact  if  the 
ebuUition  is  continued  long  enough ;  it  is  often  Hable  to  mislead,  how- 
ever, in  cases  where  but  little  sesquioxide  of  chromium  is  present,  or 
where  the  solution  contains  organic  matter,  even  though  in  small  pro- 
portion. It  should  be  noted  that  the  solubility  of  hydrated  sesquioxide 
of  chromium  in  an  excess  of  cold  solution  of  potassa  or  soda  is  consider- 
ably impaired  by  the  presence  of  other  oxides  (protoxides  of  manganese, 
nickel,  cobalt,  and  more  particularly  ferric  oxide) ;  if  these  oxides 
happen  to  be  present  in  large  excess  the  precipitation  may  even  be 
altogether  prevented.  Lastly,  the  influence  of  non-volatile  organic  acids, 
sugar,  (fee,  on  the  precipitation  of  alumina  and  sesquioxide  of  chromium 
by  ammonia,  &c.,  must  be  remembered.  If  organic  substances  are 
present,  therefore,  the  sample  should  be  ignited,  the  residue  fused  with 
carbonate  and  chlorate  of  potassa,  and  the  treatment  continued  as 
above.  With  regard  to  the  detection  of  minute  traces  of  alumina  by 
means  of  tincture  of  cochineal,  see  Luckow,*  and  for  the  use  of  an 
alcohohc  solution  of  morin,  and  the  fluorescence  produced,  compare 
Goppelsroder.t  For  the  detection  of  alumina  by  means  of  its 
spectrum,  compare  H.  W.  VogelJ  and  H.  W.  Vogel  and  F.  v.  Lepel.§ 

Special  Reactions  of  the  rarer  Oxides  of  the  third 

group. 

§  104. 

1.  Beryllia,  Be^O-^  [Be,0,]. 

BerylHa  is  a  rare  earth  found  in  the  form  of  a  silicate  in  phenacite,  and, 
with  other  silicates,  in  beryl,  euclase,  and  some  other  rare  minerals.  It  is  a 
white,  tasteless  powder  insoluble  in  water.  The  ignited  earth  dissolves 
slowly  but  completely  in  acids ;  it  is  readily  soluble  after  fusion  with  bisul- 

*  Zeit.  anal.  Chem.,  3,  ,S62.         i  Ibid.,  7,  208.         J  Thid.,  15,  332. 

§  Ibid.,  17,  89. 
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[§  104. 


phate  of  potassa.  The  hydrate  dissolves  readily  in  acids.  The  compounds 
of  beryllia  very  much  resemble  the  alumina  compounds ;  the  soluble  salts 
have  an  acid  reaction  and  a  sweet  astringent  taste.  The  native  silicates  of 
beryllia  are  completely  decomposed  by  fusion  with  4  parts  of  carbonate  of 
soda  and  potassa.  Anhydrous  chloride  of  beryllium  is  volatile  at  a  high 
temperature.  Potassa,  soda,  ammonia,  and  sulphide  of  ammonium 
throw  down  from  solutions  of  beryllia  salts  a  white  flocculent  hydrate,  which 
is  sparingly  soluble  in  ammonia,  but  dissolves  readily  in  solution  of  potassa 
or  soda,  but  is  precipitated  again  on  adding  chloride  of  ammonium ;  the 
concentrated  alkaline  solutions  remain  clear  on  boiUng,  but  from  more  dilute 
alkaline  solutions  almost  the  whole  of  the  beryllia  separates  on  continued 
ebullition  (difference  between  beryllia  and  alumina).  Tartaric  acid  inter- 
feres with  the  jjrecipitation  by  alkalies.  On  continued  ebullition  with  cMo- 
ride  of  ammonium,  the  freshly  precipitated  hydrate  dissolves  as  chloride 
of  beryllium,  with  expulsion  of  ammonia  (difference  between  beryllia  and 
alumina).  Carbonates  of  the  alkalies  precipitate  white  carbonate  of 
beryllia,  which  redissolves  in  a  great  excess  of  the  carbonates  of  the  fixed 
alkalies,  and  in  a  much  less  considerable  excess  of  carbonate  of  ammonia 
(most  characteristic  difference  between  beryllia  and  alumina ;  the  two  cannot 
be  completely  separated  in  this  way,  however,  as  in  the  presence  of  beryllia  a 
certain  quantity  of  alumina  dissolves  in  carbonate  of  .ammonia,  Joy).  On  boil- 
ing these  solutions,  basic  carbonate  of  beryllia  separates  readily  and  com- 
pletely from  the  solution  in  carbonate  of  ammonia,  but  only  after  dilution  and 
imperfectly  from  the  solutions  in  carbonates  of  the  fixed  alkalies.  On  adding 
phosphate  of  ammonia  in  considerable  excess  to  a  solution  of  a  salt  of 
beryllia  (phosphate  of  soda  cannot  be  employed),  dissolving  the  precipitate 
thus  formed  in  hydrochloric  acid,  adding  ammonia  drop  by  drop  to  the  warmed 
solution  until  the  reaction  is  neutral — excess  of  ammonia  must  be  avoided — 
and  then  heating  to  boiling  for  some  time,  the  precipitate  (phosphate 
of  ammonia  and  beryllia),  which  is  at  first  gelatinous,  becomes  crystalline 
and  is  readily  deposited.  The  presence  of  citric  acid  does  not  affect  the  re- 
action (distinction  from  alumina,  which  never  yields  a  crystalline  precipitate 
under  similar  circumstances,  and  yields  no  precipitate  at  all  in  the  presence 
of  citric  acid).  The  presence  of  much  alumina  and  citric  acid  prevents  the 
formation  of  the  beryllia  precipitate  (0.  Eossler).  Beryllia  is  completely 
precipitated  from  its  salts  when  boiled  with  carbonate  of  baryta,  but  not 
in  the  cold.  Oxalic  acid  and  oxalates  do  not  precipitate  beryllia  (differ- 
ence between  beryllia  and  thoria,  zirconia,  yttria,  protoxide  of  cerium,  oxide 
of  lanthanum,  oxide  of  didymium).  Beryllia,  when  fused  with  2  parts  of 
acid  fluoride  of  potassium,  dissolves  in  water  acidified  with,  hydroflupric 
acid.  (This  reaction  serves  as  a  means  of  separating  beryllia  from  alumina, 
for  when  alumina  is  similarly  treated  it  remains  insoluble  as  fluoride  of 
aluminium  and  potassium.)  In  order  to  detect  small  quantities  of  beryllia 
in  the  presence  of  much  alumina,  the  hydrates  are  dissolved  in  hydrochloric 
acid,  the  solution  evaporated  to  dryness,  and  the  residue  dissolved  in  a 
small  quantity  of  water,  with  the  addition,  if  necessary,  of  a  very  little  hy- 
drochloric acid  ;  the  solution  thus  obtained  is  transferred  to  a  tube  of  strong 
Bohemian  glass,  sealed  at  one  end,  sulphate  of  potassa  is  added  (about  12 
parts  to  1  of  alumina),  and  sufficient  water  to  dissolve  all  the  sulphate  on 
heating  :  the  tube  is  then  sealed,  warmed  until  everything  has  dissolved,  and 
then  heated  at  180°  for  half  an  hour.  When  cold,  the  tube  is  opened,  the 
precipitated  basic  sulphate  of  potassa  and  alumina  filtered  off,  the  solution 
precipitated  by  ammonia,  and  the  precipitate  collected  and  dissolved  in  hy- 
drochloric acid ;  sufficient  citric  acid  is  then  added  to  prevent  the  formation 
of  any  precipitate  on  the  addition  of  ammonia,  and  the  beryllia  is  precipi- 
tated as  the  crystalline  phosphate  of  ammonia  and  beryllia  (C.  Eossler). 
Beryllia  compounds  when  moistened  with  a  solution  of  nitrate  of  cobalt, 
and  ignited,  yield  a  gray  mass. 
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2.  Thoria,  ThO^  [ThO,]. 

mi-    •   •  „  ^^y^  vnrfl  flartli  found  in  thorite  and  monacite.    It  is  white, 
Thonais  a  very  iaaeeaitbto^^^^  ^^^^^^^  ^^^^^.^^ 

or  gray. .  If  the  eaith  ^^^^Jj^^^  g  ^  sulphuric  acid  and  1  part  of  water ; 
.vith  a  mixture  of  I  pitot  conc^^^^  1     fusion  with  alkalies.  When 

\^ Wd  bv  ieni?*n^^  hydrochloric 
thoria  ^Z;,^^^^^^^^  are  left  in  I  varnish-like  form,  which 

From  solutions  of  thoria  salts,  potassa,  ammonia,  and  sulphide  of  am- 
moSum  precipitate  the  white  hydrate,  which  is  insoluble  m  an  excess  of 
Se^S  ant,  even  of  potassa  (difference  between  thona  and  alumma 
and  beryllia);  tartaric  acid  prevents  the  precipitation.    Carbonate  of 
potass7and  carbonate  of  ammonia  precipitate  basic  carbonate  of  thoria, 
Shich  readily  dissolves  in  an  excess  of  the  precipitant  m  concentrated  solu- 
tions- with  difficulty,  however,  in  dilute  solutions  (difierence  between  thona 
and  Llumina).     Erom  the  solution  in  carbonate  of  ammonia,  basic  salt 
separates  again  even  at  50°.    Carbonate  of  baryta  precipitates  thoria 
completely.    Hydrofluoric  acid  precipitates  the  fluoride  which  at  first 
appears  gelatinous,  but  after  a  little  while  pulverulent;  the  precipitate  is 
insoluble  in  water  and  hydrofluoric  acid.    (In  this  respect  thoria  differs 
from  alumina,  beryllia,  zirconia,  and  titanic  acid.)    Oxalic  acid  produces 
a  white  precipitate  (in  this  thoria  difiers  from  beryllia  and  alumma);  the 
precipitate  is  not  soluble  either  in  oxaHc  acid  or  m  dilute  mineral  acids, 
hut  it  dissolves  in  a  solution  of  acetate  of  ammonia  containing  free  acetic 
acid  (in  this  thoria  difiers  from  yttria  and  protoxide  of  cerium)     The  pre- 
<;ipitate  is  soluble  in  a  boiling  solution  of  oxalate  of  ammonia,  and  is  not  re- 
precipitated  on  diluting  the  solution  and  allowing  it  to  stand  (difierence 
from  cerium,  lanthanum,  didymium,  and  yttrium,  Bunsen).  Sulphate 
of  potassa  in  concentrated  solution  precipitates  thoria  slowly  but  com- 
pletely (in  this  thoria  differs  from  alumina  and  berylha).    The  precipitate 
consists  of  the  double  sulphate  of  potassa  and  thona  ;  it  is  insoluble  m 
concentrated  solution  of  sulphate  of  potassa ;  it  dissolves  with  difficulty  in 
cold  but  readily  in  hot  water.    On  heating  the  neutral  solution  of  sulphate 
of  thoria  in  cold  water,  it  separates  in  the  form  of  a  heavy  white  curdy  pre- 
cipitate (difference  between  thoria  and  alumina  and  beryllia).    This  precipi- 
tate redissolves  in  cold  water  (in  which  it  differs  from  titanic  acid).  On 
boiling  a  neutral  or  slightly  acid  solution  with  hyposulphite  of  soda, 
hyposulphite  of  thoria  is  precipitated  mixed  with  sulphur ;  the  precipitation, 
however,  is  not  quite  complete  (difference  between  thoria  and  yttria  and 
oxide  of  didymium). 


3.  Zirconia,  ZrO,  [ZrOJ. 

Found  in  zircon  and  some  other  rare  minerals.  A  white  powder  insoluble 
in  hydrochloric  acid,  but  after  continued  heating  with  a  mixture  of  2  parts 
of  hydrated  sulphuric  acid  and  1  part  of  water  it  is  soluble  in  water. 
Soluble  zirconia  salts  are  also  obtained  on  fusing  it  with  the  bisulphates  of 
the  alkalies  or  with  hydrofluoride  of  potassium.  The  hydrate  resembles 
hydrate  of  alumina,  dissolving  readily  in  hydrochloric  acid  when  precipi- 
tated cold,  and  still  moist,  but  with  difficulty  when  precipitated  hot,  or 
after  drying.  The  soluble  zirconia  salts  redden  litmus.  The  native  silicates 
of  zirconia  may  be  decomposed  by  fusion  with  carbonate  of  soda ;  the  finely 
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01  soda  dissolves,  and  a  saudy  zirconate  of  soda  is  l^ft  lipliin^.  • 
Vashed,  and  dissolved  in  hydrochloric  acid    zTcon  r^n  v  ph^SA  '  a 
posed  by  fusion  with  acid  flu'orido  o/ poSiu^f 'rt\\Td  Lar^^^^^^^^ 

dncS  "prassl'  ^"'"''^  of  Zirconium  and  potassiL  Srpro! 

Snwn  V.  soda  ammonia,  and  sulphide  of  ammonium  throw 

down  from  solutions  of  zirconia  salts  a  flocculent  hydrate  which  isiJsSlT 
m  an  excess  of  the  precipitant,  even  of  soda  and  poCsa  (diSlce  SSween 
zirconia  and  alumma  and  beryllia),  and  is  not  dissdved  even t^a  S^^^ 
solution  of  chloride  of  ammonium  (difference  between  zirconTa  and  ber? l  iaf 
tassa"  «of  ^''T*'  P-««Ptation  by  alkalies.  cTZnltsofvt 
zSa  i  afln^'l  lT'^°'''%^/^'^\^  precipitate  basic  carbonate  of 
zircoma  as  a  flocculent  precipitate,  which  redissolves  in  a  large  excess  of 
carbonate  of  potassa,  more  readily  in  bicarbonate  of  potassf  and  most 
readily  m  carbonate  of  ammonia  (difference  between  zircS  atd  alumina) 
the  gelatinous  hydrate  is  precipitated  from  the  solution  on  boilW  Sal  c 
acid  produces  a  bulky  precipitate  of  oxalate  of  zirconia  (differenfe  between 

soluble  m  hydrochloric  acid,  also  m  excess  of  oxalate  of  ammonia  inthrcold 
(difference  between  zircoma  and  thoria).  A  concentrated  solution  of  sul- 
phate of  potassa  speedily  produces  a  white  precipitate  7 sulphate  of 
zircoma  and  potassa  insoluble  in  excess  of  the  precipitant  (different  between 
zircoma  and  alumina  and  beryllia) ;  this-if  precipitated  colSs  olves 
readily  m  a  large  proportion  of  hydrochloric  acid,  but  is  almost  Sutllv 
insoluble  m  water  and  in  hydrochloric  acid  if  precipitated  hot  (differen  e 
between  zircoma  and  thoria  and  protoxide  of  cerium).  Carbonate  of 
baryta  does  not  precipitate  zirconia  salts  completely  even  on  boilin? 
Hydrofluoric  acid  does  not  precipitate  zirconia"^  salts  (difference  betS 
zircoma  and  thoria  and  yttria).  Hyposulphite  of  soda  precTpitates  z£ 
conia  salts  (difference  between  zirconia  and  yttria,  and  oxide  of  Lymium). 
The  separation  of  the  hyposulphite  of  zirconia  takes  place  on  boiling  Te^ 
m  the  presence  of  100  parts  of  water  to  1  part  of  the  oxide  (useful  for 
separating  zircoma  from  protoxide  of  cerium).  Turmeric  paper  dipped 
into  solutions  of  zircoma  slightly  acidified  with  hydrochloric  or  sulphuric 
acid  acquires  a  brownish  red  colour  after  drying  (difference  between  zirconia 
and  thoria).  In  the  presence  of  titanic  acid,  which  also  has  the  effect  of 
turnmg  turmeric  paper  brown,  treat  the  acid  solution  with  zinc  first  to 
reduce  the  titanic  acid  to  oxide  of  titanium,  the  solution  of  which  does  not 
affect  turmeric  paper  (Pis am). 

4.  Yttria,  Y,0,  [YM 

Yttria  is  a  rare  earth  found  in  gadoHnite,  orthite,  and  yttro-tantalite. 
T\  hen  piire,  It  IS  white  ;  when  ignited  in  the  oxidizing  flame,  it  emits  a 
white  hght  (difference  between  yttria  and  erbia)  without  fusing  or  volati- 
hzing.  It  IS  sparingly  soluble  in  nitric,  hydrochloric,  and  dilute  sulphuric 
acid  m  the  cold,  but  on  warming  it  dissolves  completely  after  some  time 
1  he  solutions  are  colourless,  and  likewise  the  salts;  they  have  an  acid 
reaction  and_  a  sweetish  astringent  taste.  Yttria  does  not  combine  with 
water.  Yttria  under  no  circumstances  yields  a  spectrum,  nor  do  the  solu- 
tions  of  Its  salts  show  any  absorption  bands  (Bahr  and  Bunsen)  Anhv- 
drous  chloride  of  yttrium  is  not  volatile  (difference  between  yttria  and 
alumina  beryllia,  and  zirconia).  Potassa  precipitates  a  white  hydrate  which 
13  insoluble  in  an  excess  of  the  precipitant  (difference  between  yttria  and 
alumina  and  beryllia).  Ammonia  and  sulphide  of  ammonium  produce 
the  same  reaction.  Carbonates  of  the  alkalies  produce  a  white  precipi- 
tate, which  dissolves  with  difficulty  in  carbonate  of  potassa,  but  more  readily 
in  bicarbonate  of  potassa  and  in  carbonate  of  ammonia,  although  by  no- 
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means  so  readily  as  tlie  corresponding  beryllia  precipitate  On  boiling  the 
solution  of  the  pure  hydrate  in  carbonate  of  ammonia,  the  whole  of  the  yttria 
is  deposited;  if  chloride  of  ammonium  is  also  present,  this  is  decomposed  on 
long-continued  boiling,  with  separation  of  ammonia  and  the  precipitated 
yttna  redissolves  as  chloride  of  yttrium.  It  should  be  borne  m  mind  that 
saturated  solutions  of  carbonate  of  yttria  m  carbonate  of  ammonia  have  a 
tendency  to  deposit  carbonate  of  yttria  and  ammonia  Oxalic  acid  pro- 
duces a  white  precipitate  (difference  between  yttria  and  alumina  and  beryl- 
Ha)  •  this  precipitate  does  not  dissolve  in  oxalic  acid,  but  it  dissolves  with 
difficulty  in  dilute  hydrochloric  acid,  and  is  partially  dissolved  on  boi  ing 
with  oxalate  of  ammonia ;  on  dUuting  and  allowing  it  to  cool  the  oxalate 
separates  again  almost  completely  (difference  from  thoria).  Sulphate  of 
yttria  and  potassa  dissolves  readily  in  water  and  in  a  solution  of  sul- 
phate of  potassa  (difference  between  yttria  and  thoria,  zirconia,  and  the 
bases  of  cerite).  Carbonate  of  baryta  produces  no  precipitate  m  the 
cold  (difference  between  yttria  and  alumina,  thoria,  oxide  of  cerium,  and 
the  oxides  of  lanthanum  and  didymium) ;  the  precipitation  is  incomplete 
even  on  boiling.  Turmeric  paper  is  not  altered  by  acidified  solutions  of 
salt  of  yttria  (difference  between  yttria  and  zirconia).  Tartaric  acid  does 
not  interfere  with  the  precipitation  of  yttria  by  alkalies  (characteristic  dif- 
ference between  yttria  and  alumina,  beryllia,  thoria,  and  zirconia);  the 
precipitate  is  tartrate  of  yttria.  The  precipitation  does  not  take  place  until 
after  some  time,  but  it  is  complete.  Hyposulphite  of  soda  does  not 
precipitate  yttria  (difference  between  yttria  and  alumina,  thoria,  zirconia, 
and  titanic  acid).  Hydrofluoric  acid  produces  a  precipitate  (here  yttria 
differs  from  alumina,  beryllia,  zirconia,  and  titanic  acid) ;  the  precipitate  is 
gelatinous,  insoluble  in  water  and  hydrofluoric  acid ;  before  ignition  it  will 
dissolve  in  mineral  acids,  after  ignition  it  is  decomposed  only  by  strong 
sulphuric  acid.  Yttria  gives  clear  colourless  beads  with  borax  and  micro- 
cosmic  salt  in  both  the  outer  and  inner  flame  (difference  between  yttria  and 
protoxide  of  cerium  and  oxide  of  didymium) .  _  _ 

Besides  yttrium,  a  number  of  similar  metals— erbium,  terbium,  ytterbium, 
scandium,  thulium,  decipium,  philippium,  &c. — occur  in  gadolinite,  &c.  As 
the  investigation  of  these  substances,  however,  cannot  be  regarded  as  being  by 
any  means  complete,  their  behaviour  and  reactions  will  not  be  noticed  here. 


5.  Oxides  of  Cerium. 

Cerium  occurs  rarely  in  Nature,  chiefly  as  silicate  of  oxide  of  cerium  in 
cerite  and  orthite,  as  phosphate  in  monacite,  and  combined  with  fluorine  in 
fluocerite.  It  forms  two  oxides — oxide  of  cerium,  Ge^O^  [CCjOj],  also  called 
cerous  oxide;  and  dioxide  of  cerium,  CeOo  [CeOo],  known  also  as  cerium 
peroxide. 

Oxide  of  cerium,  obtained  by  igniting  dioxide  of  cerium,  or  the  car- 
bonate or  oxalate  of  oxide  of  cerium,  in  a  current  of  hydrogen,  forms  a 
white  or  bluish-gray  powder  which  rapidly  absorbs  oxygen  from  the  air,  and 
on  heating  is  converted  into  the  dioxide.  The  salts  of  oxide  of  cerium  are 
■white  or  colourless,  and  the  aqueous  solutions  of  the  soluble  salts  are  colour- 
less, have  a  sweet  astringent  taste,  and  do  not  yield  absorption  spectra. 
Chloride  of  cerium  is  not  volatile  (difference  between  cerium  and  aluminium, 
beryllium,  and  zirconium).  On  boiling  a  solution  of  sulphate  of  oxide  of 
cerium,  part  of  the  salt  is  precipitated,  but  is  redissolved  on  cooling.  Cerite 
(hydrated  silicate  of  oxide  of  cerium)  is  decomposed  by  fusion  with  carbonate 
of  soda,  and  also  by  concentrated  sulphuric  acid.  Potassa  throws  down  a 
white  hydrate,  which,  on  exposure  to  the  air,  absorbs  oxygen  and  becomes 
yellow.  It  does  not  dissolve  in  an  excess  of  the  precipitant  (difference  from 
alumina  and  beryllia).  Ammonia  precipitates  a  basic  salt,  which  is 
insoluble  in  an  excess  of  the  precipitant.  Tartaric  acid  prevents  the  pre- 
cipitation (difference  from  yttrium).  Carbonate  of  ammonia  produces  a 
white  amorphous  precipitate  of  cerous  carbonate,  which  gradually  becomes 
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crystalline,  and  13  somewhat  soluble  in  excess  of  the  precipitant.  Oxalic  acid 
produces  a  white  amorphous  precipitate  of  the  oxalate,  which  gradually  be- 
comes  crystalhne  ;  the  precipitation  is  complete  even  in  moderately  acid  solu- 
tions (difference  from  alumina  and  beryllia).  The  precipitate  is  not  dissolved 
by  oxalic  acid ;  but  it  dissolves  m  a  large  proportion  of  hydrochloric  acid,  and 
also  m  a  boiling  concentrated  solution  of  oxalate  of  ammonia,  but  separates 
again  almost  entirely  on  diluting  and  cooling  (difference  from  aluminium) 
A  saturated  solution  of  sulphate  of  potassa  precipitates,  even  from  some- 
what acid  solutions  white  sulphate  of  potassa  and  oxide  of  cerium  (difference 
±rom  alumina  and  berylha) ;  this  is  sparingly  soluble  in  cold  water,  more 
easily  in  hot  water,  and  almost  completely  insoluble  in  a  saturated  solution 
sulphate  of  potassa  (difference  from  yttria).  The  precipitate  may  be 
dissolved  by  boihng  it  with  a  large  quantity  of  water  to  which  some  hydro- 
chloric acid  has  been  added.  Carbonate  of  baryta  does  not  precipitate 
solutions  of  cerium  m  the  cold,  but  completely  on  heating.  Hyposulphite 
o±  soda  do^  not  precipitate  cerium,  even  on  boiling  with  very  concentrated 
solutions.  The  precipitated  sulphur  only  carries  down  traces  of  the  salt  with 
It-    Hypochlorites  of  the  alkalies  throw  down  light  yellow  hydrated 

^        °^  ''^^i^^  be  dissolved  in  nitric  acid, 

with  addition  of  an  equal  volume  of  water,  a  smaU  quantity  of  binoxide  of 
lead  added,  and  the  liquid  boiled  for  some  minutes,  the  solution  will  turn 
yellow,  even  if  the  quantity  of  cerium  present  be  very  small.  On  evaporating 
this  solution  to  dryness,  heating  the  residue  until  a  portion  of  the  acid 
escapes,  and  treating  it  with  water  acidided  with  nitric  acid,  no  cerium  will 
be  dissolved,  but  any  didymium  and  lanthanium  present  will  be  dissolved 
'(Gibbs). 

Cerium  dioxide,  obtained  by  the  ignition  of  hydrated  cerium  oxide, 
or  of  oxalate,  carbonate  or  nitrate  of  cerium,  in  the  air,  is  an  orange-yellow 
powder  when  hot,  but  on  coohng  becomes  yellowish-white.  Concentrated 
•sulphuric  acid  dissolves  it  on  warming,  usually  with  disengagement  of  oxygen, 
forming  a  yellow  solution  of  the  sulphates  of  cerium  oxide  and  cerium 
dioxide.  Nitric  and  hydrochloric  acids  dissolve  it  but  very  sparingly  even  on 
heating ;  if,  however,  potassium  iodide  is  added  to  the  latter  acid,  it  dissolves 
the  oxide  readily,  iodine  being  set  free  and  chloride  of  cerium,  CcgClg  [CeXIJ, 
being  formed;  if  alcohol  is  added  instead  of  potassium  iodide,  the  same' salt 
IS  obtained.  Hydrated  cerium  dioxide  is  soluble  in  nitric  and  sulphuric  acids ; 
hydrochloric  acid  also  dissolves  it,  the  chloride  being  formed  and  chlorine 
■disengaged.  The  salts  of  cerium  dioxide  are  yellow  or  red,  and  their 
solutions  are  yellow,  but  the  latter  are  decolorized  by  sulphurous  acid,  with 
formation  of  salts  of  the  monoxide.  Solutions  of  salts  of  cerium  dioxide  are 
slowly  but  completely  precipitated  in  the  cold  by  carbonate  of  bars^ta. 
Hyposulphite  of  soda  precipitates  a  solution  of  the  nitrate  of  cerium 
dioxide.  Borax  and  microcosmic  salt  dissolve  cerium  oxides  in  the  outer 
flame  to  yellowish-red  beads  (difference  from  the  preceding  earths) ;  the  colora- 
tion gets  fainter  on  cooling,  and  often  disappears  altogether.  In  the  inner 
:flame,  colourless  beads  are  obtained. 


6.  Oxide  of  Lanthanum,  La^Oa  l^^PJ- 

This  oxide  is  generally  found  associated  with  oxide  of  cerium.  It  is 
white  and  remains  unaltered  by  ignition  in  the  air  (difference  from  oxide 
of  cerium).  In  contact  with  cold  water,  it  is  slowly  converted  into  a  milk- 
white  hydrate ;  with  hot  water,  the  change  is  rapid.  The  oxide  and  its 
hydrate  change  the  colour  of  reddened  litmus  paper  to  blue ;  they  dissolve  in 
boiling  chloride  of  ammonium  solution  and  also  in  dilute  acids ;  oxide  of 
lanthanum  resembles  magnesia  in  this  respect.  The  salts  of  oxide  of 
lanthanum  are  colourless ;  the  saturated  solution  of  sulphate  of  oxide  of 
lanthanum  in  cold  water  deposits  a  portion  of  the  salt  already  at  30° 
(difference  from  oxide  of  cerium).    Sulphate  of  potassa,  oxalic  acid. 
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and  oxalate  of  ammonia  give  the  same  reactions  as  with  protoxide  of 
Potassa  throws  down  the  hydrate,  which  is  insoluble  in  an  excess 


of  the  Dreck)itant  and  does  not  turn  brown  in  the  air.  Ammonia  precipi- 
?L  s  bSTalt^^^  pass  milky  through  the.  filter  on  washmg.  The 

SpSe  Produced  by  carbonate  of  ammoma  is  insoluble  m  an  excess  of 
th^  pfec  pitint  (difference  from  protoxide  of  cerium)  If  a  cold  dilute 
solutS  if  acetate  of  oxide  of  lanthanum  is  supersaturated  with  ammonia, 
the  Hmy  precipitate  repeatedly  washed  with  cold  water,  and  a  little  lodme 
in  powder  addfd,  a  blue  coloration  makes  its  appearance,  which  gradually 
ier?ades  the  entire  mixture  (characteristic  difference  between  oxide_  of 
fanthanum  and  the  other  earths).  Carbonate  of  baryta  completely  precipi- 
tates lanthanum  oxide  in  the  cold  from  solutions  of  its  salts. 

7.  Oxide  of  Didymium,  DijOa  [Di,,03]. 

This  oxide  is  found  associated  with  oxide  of  cerium  and  oxide  of  lantha- 
num    After  intense  ignition,  it  appears  white  ;  moistened  with  nitric  acid, 
and  feebly  ignited,  it  is  dark-brown  (peroxide)  but  on  intense  ignition  again 
becomes  white.  In  contact  with  water,  it  is  slowly  converted  into  the  hydrate ; 
it  rapidly  attracts  carbonic  acid;  its  reaction  is  not  alkabne  ;  it  dissolves 
readily  in  acids,  and  also  in  boiling  chloride  of  ammonium  solution.    1  he 
soluble  salts  and  also  their  concentrated  solutions  have  a  reddish  or  pale- 
violet  colour.    When  the  nitrate  is  heated,  it  is  first  converted  mto  a  basic 
salt  (diff-erence  from  lanthanum),  which  is  gray  when  hot  and  also  when 
cold    The  chloride  is  not  volatile.    The  saturated  solution  of  the  sulphate 
deposits  salt,  not  at  30°,  but  on  boiling.    Potassa  precipitates  the  hydrate, 
which  is  insoluble  in  an  excess  of  the  precipitant,  and  does  not  alter  on 
exposure  to  the  air.    Ammonia  precipitates  a  basic  salt,  which  is  insoluble 
in  ammonia,  but  slightly  soluble  in  chloride  of  ammonium.  Carbonates 
of  the  alkalies  produce  a  copious  precipitate,  which  is  insoluble  _ m  an 
excess  of  the  precipitant,  even  in  an  excess  of  carbonate  of  ammonia  (de- 
ference from  cerium),  but  dissolves  slightly  in  concentrated  solutions,  ot 
chloride  of  ammonium.    Tartaric  acid  prevents  the  precipitation  by  alkalies. 
Oxalic  acid  precipitates  salts  of  didymium  almost  completely ;  the  precipi- 
tate is  only  sparingly  soluble  in  cold  hydrochloric  acid,  but  dissolves  readily 
on  warming ;  with  oxalate  of  ammonia,  it  behaves  like  oxide  of  cerium. 
Carbonate  of  baryta  precipitates  oxide  of  didymium  from  its  solutions 
slowly  but  completely.    A  concentrated  solution  of  sulphate  of  potassa 
precipitates  didymium  solutions  more  slowly  and  less  completely  than 
protoxide  of  cerium   solutions.     The  precipitate  (sulphate  of  oxide  of 
didymium)  is  insoluble  in  solution  of  sulphate  of  potassa,  and  in  water 
(Delafontaine),  but  it  dissolves  in  hot  hydrochloric  acid  with  difficulty. 
Hyposulphite  of  soda  does  not  precipitate  solutions  of  didymium.  . 

Peroxide  of  didymium  is  brown  ;  it  dissolves  in  hydrochloric  acid 
with  evolution  of  chlorine,  and  in  oxyacids  with  evolution  of  oxygen,  forming 
soluble  salts  of  didymium  oxide.  Oxide  of  didymium  gives  with  borax  in 
both  flames  a  nearly  colourless  bead,  which  has  a  faint  amethyst-red  tinge  if 
the  quantity  of  didymium  is  large.  Mierocosmic  salt  dissolves  the  oxide 
in  the  oxidizing  flame  to  an  amethyst-red  bead  which  becomes  colourless  in 
the  reducing  flame.  With  carbonate  of  soda  in  the  outer  flame,  a  grayish- 
white  mass  is  obtained  (difference  from  manganese).  The  absorption 
spectrum  given  by  the  solution  of  the  salts  is  peculiarly  characteristic  for 
didymium.  This  was  first  described  by  Gladstone,  and  afterwards  by 
O.  L.  Erdmann  and  D elafontaine.  Bahr  and  Bunsen  have  laid  down 
the  exact  position  of  the  bands  (Zeit.  anal.  Chem.,  5, 110). 

For  the  separation  of  cerium  from  lanthanum  and  didymium,  one  of  the 
following  methods  may  be  used: — a.  The  solution  of  the  three  metals  is 
nearly  neutralized,  if  acid,  without  allowing  any  permanent  precipitate  to 
form,  a  sufficient  quantity  of  acetate  of  soda  and  an  excess  of  hypochlorite 
QUAL.  I 
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of  soda  added,  and  the  mixture  boiled  for  some  time ;  the  cerium  will  be 
thrown  down  as  peroxide  (Popp),  as  basic  acetate  (Erk),  which  must  be 
washed  with  acetate  of  soda  solution ;  the  lanthanum  and  didymium  will 
remain  in  solution.  (Popp,  Annalen,  131,  8G0.)  h.  The  metals  are  pre- 
cipitated with  potassa.,  the  precipitate  washed,  suspended  in  potassa  solution, 
and  chlorine  passed  into  the  mixture;  the  lanthanum  and  didymium  will 
dissolve,  whilst  cerium  dioxide  remains  behind.  (D amour  and  St.  Claire 
Deville,  Oompt.  rend.,  59,  272.)  c.  The  mixture  may  be  dissolved  in  a 
large  excess  of  nitric  acid,  boiled  with  jjeroxide  of  lead,  the  orange  coloured 
solution  evaporated  to  dryness,  and  the  residue  heated  until  a  portion  of  the 
acid  is  driven  off;  the  residue  is  treated  with  water  acidified  with  nitric  acid, 
and  the  insoluble  basic  nitrate  of  sesquioxide  of  cerium  separated  from  the 
solution,  which  contains  all  the  lanthanum  and  didymium.  (Gibbs,  Zeit. 
anal.  Ohem.,  3,  396.)  When  the  last  method  is  employed,  the  lead  must  be 
removed  by  sulphuretted  hydrogen  before  proceeding  with  the  residue  or 
solution,  d.  The  chromates  are  heated  at  110°,  and  treated  with  hot  water 
to  extract  the  undecomposed  compounds  of  lanthanum  and  didymium.  The 
cerium  remains  behind  as  insoluble  sesquioxide  (Pattinson  and  Clark, 
Chem.  News,  16,  259).  From  the  solution  of  lanthanum  and  didymium 
obtained  by  one  or  other  of  the  above  methods,  the  bases  are  precipitated 
with  oxalate  of  ammonia  (after  removing  lead),  the  oxalates  ignited,  aud  the 
oxides  thus  obtained  are  treated  with  dilute  nitric  acid  ;  if  the  separation  of 
cerium  was  incomplete,  the  remainder  of  the  cerium  will  remain  undissolved. 
The  solution  is  evaporated  to  dryness  in  a  dish  with  a  flat  bottom,  and  heated 
at  400°  to  500°;  the  salts  fuse  and  nitrous  fumes  escape.  The  residue  is  then 
treated  with  hot  water,  which  dissolves  the  nitrate  of  lanthanum,  leaving 
behind  a  gray  residue  consisting  of  basic  nitrate  of  didymium.  By  several 
repetitions  of  the  evaporation,  &c.,  the  two  bases  may  be  satisfactorily 
separated.  (Damour  and  St.  Claire  Deville.)  Mosander's  method  of 
separation,  which  is,  however,  less  complete,  consists  in  converting  the 
didymium  and  lanthanum  into  sulphates,  making  a  saturated  solution  of 
the  dry  salts  in  water  at  6°  or  6°,  and  heating  the  solution  to  30°  when  the 
sulphate  of  lanthanum  is  for  the  most  part  thrown  down,  whilst  the  sulphate 
of  didymium  for  the  most  part  remains  in  solution.  For  another  method  of 
separating  lanthanum  and  didymium,  which  requires  the  presence  of  a  con- 
siderable quantity  of  cerium,  compai-e  CI.  Winkler  (Zeit.  anal.  Chem., 
4,  417),  Zschiesche  (i6ii.,  9,  541), Frerichs  (ibid.,  13,  217). 

8.  Titanic  Acid- 
Titanium  forms  two  oxides — sesquioxide  of  titanium,  Ti^O^  [Ti.,03],  and 
titanic  acid,  TiOj  [TiOJ.  The  latter  is  more  generally  met  with  in  analysis  ; 
it  is  found  in  the  free  state  in  rutile,  brookite  and  anatase,  and  in  combina- 
tion with  bases  in  titanite,  titaniferous  iron,  &c.  It  occurs  in  small  Jjro- 
portions  in  many  iron  ores,  in  clays,  and  generally  in  silicates,  consequently 
also  in  blast  furnace  slags.  The  small  copper-coloured  cubes  which  are 
occasionally  found  in  such  slags  consist  of  a  combination  of  cyanide  of 
titanium  with  nitride  of  titanium.  Feebly  ignited  titanic  acid  is  white  ; 
it  transiently  acquires  a  lemon-yellow  tint  when  heated ;  very  intense 
ignition  gives  a  yellowish  or  brownish  tint  to  it.  It  is  infusible,  insoluble 
in  water,  and  its  sp.  gr.  is  3"9  to  4'25.  The  chloride,  TiOlj  [TiCli],  a 
colourless  volatile  liquid,  fuming  strongly  in  the  air. 

a.  Behaviour  -with  acids,  and.  reactions  of  acid  solutions  of 
titanic  acid. — Ignited  titanic  acid  is  insoluble  in  acids,  except  in  hydro- 
fluoric acid  and  in  concentrated  sulphuric  acid.  If  the  solution  in  hydrofluoric 
acid  is  evaporated  with  sulphuric  acid,  no  fluoride  of  titanium  will  volatilize 
(difference  from  silicic  acid).  If  fused  for  a  sufficient  length  of  time  with 
bisulphate  of  potassa,  it  yields  a  clear  mass,  which  is  completely  soluble  in 
a  large  proportion  of  cold  water.  Titanic  acid  is  ver}'  easily  obtained  in  the 
state  of  a  clear  solution,  by  fusing  it  with  acid  fluoride  of  potassium  and 
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^issolvins  the  melt  in  dilute  hydroclilonc  acid.  The  fluoride  of  potassium 
^d  titanium  is  sparingly  soluble  in  water,  1  part  requiring  96  parts  at  14  . 
Hydrate  of  titanic  acid  whether  moist  or  dried  without  the  aid  ot  heat 
dissolves  in  dilute  acids,  especially  in  hydrochloric  and  sulphuric  acids; 
when  a  hi^^hly  dilute  solution  of  titanic  acid  m  hydrochloric  or  sulphuric 
acid  but  more  particularly  in  the  latter,  also  the  one  obtained  by  fusion 
■with  bisulphate  is  boiled  for  a  long  time,  titanic  acid  is  deposited  as  a  white 
powder  (hydrated  metatitanic  acid)  insoluble  in  dilute  acids  ;  the  presence 
•of  much  free  acid  retards  the  separation  and  diminishes  the  quantity  of  the 
precipitate.  The  precipitate  which  separates  from  a  hydrochloric  acid 
iolution  may,  indeed,  be  filtered,  but  on  washing  it  will  pass  milky  through 
the  filter,  unless  chloride  of  ammonium  or  an  acid  be  added  to  the  washing 
•water.  Solution  of  potassa  throws  down  titanic  acid  from  its  solutions 
in  hydrochloric  or  sulphuric  acid  as  a  bulky  white  hydrate,  which  is  in- 
soluble in  excess  of  the  precipitant ;  ammonia,  sulphide  of  ammonium, 
and  carbonate  of  baryta  act  in  the  same  way.  The  precipitate,  if  thrown 
■down  cold  and  washed  with  cold  water,  is  soluble  in  hydrochloric  acid  and 
in  dilute  sulphuric  acid  ;  the  presence  of  tartaric  acid  prevents  its  formation. 
Perroeyanide  of  potassium  produces  a  dark-brown  precipitate  in  acid 
solutions  of  titanic  acid ;  infusion  of  galls  gives  a  brownish  precipitate, 
which  speedily  turns  orange-red.  On  boiling  a  solution  of  titanic  acid  with 
hyposulphite  of  soda,  the  whole  of  the  titanic  acid  is  thrown  down. 
Phosphate  of  soda  throws  down  the  titanic  acid  almost  completely  as 
phosphate  of  titanic  acid  even  from  solutions  containing  much  hydrochloric 
acid;  the  washed  precipitate  consists  of  STiOo.POs  [Ti,,P„OJ  (Merz).  Per- 
oxide of  hydrogen  colours  a  solution  of  titanic  acid  orange-yellow,  but  the 
colour  is  not  taken  up  by  ether  when  the  solution  is  shaken  with  it ;  stannous 
chloride  and  zinc  dust  discharge  the  colour.  The  yellow  liquid  obtained  by 
the  action  of  granulated  zinc  on  aqueous  sulphurous  acid  (hydrosulphurous 
acid  according  to  Schiitzenberger,  hyposulphurous  [HoS.OJ  according  to 
Bernthsen),  produces  a  red  coloration  in  solutions  of  titanic  acid  even  when 
very  dilute ;  on  shaking  this  with  ether,  the  coloured  substance  is  taken  up 
by  the  ether  (E.  Fresenius).  Zinc  or  Tin,  after  a  time,  produces  a  pale 
violet  or  blue  coloration  ;  subsequently  a  blue  precipitate  is  formed,  which 
gradually  becomes  white ;  the  coloration  is  caused  by  the  reduction  of  the 
titanic  acid  to  sesquioxide  of  titanium.  If  potassa  or  ammonia  is  added  to 
the  blue  but  still  clear  solution,  blue  hydrated  sesquioxide  of  titanium 
separates,  which  is  gradually  converted  into  white  hydrated  titanic  acid  with 
decomposition  of  the  water.  The  reduction  of  titanic  acid  in  hydrochloric 
solution  takes  place  also  in  the  presence  of  fluoride  of  potassium  (difference 
from  niobic  acid),  the  liquid  becoming  bright  green.  The  solutions  of 
chloride  of  titanium  in  water  have  different  properties  according  to  the  way 
in  which  they  are  prepared.  If,  for  example,  chloride  of  titanium  is  dissolved 
in  water,  so  that  there  is  no  development  of  heat,  a  slightly  opalescent  liquid 
is  obtained,  which  becomes  only  slightly  turbid  on  boiling  it  (titanium 
chloride  solution),  whilst  the  same  solution,  if  kept  for  some  weeks,  gives 
an  abundant  precipitate  when  boiled  (metatitanium  chloride  solution).  The 
solutions  are  further  distinguished  by  the  fact  that  on  adding  sulphuric  or 
oxalic  acid  to  the  former  it  remains  clear,  whilst  the  latter  gives  a  precipitate. 
If  the  melt  obtained  by  fusing  titanic  acid  with  acid  sulphate  of  potassa  is 
dissolved  in  cold  water,  precipitated  with  ammonia,  and  the  precipitate 
washed  with  cold  water  and  dissolved  in  the  smallest  possible  quantity  of 
hydrochloric  acid,  it  yields  a  solution  of  metatitanium  chloride;  that  is, 
the  solution  is  precipitated  by  boiling  or  by  adding  to  it  sulphuric  or 
oxalic  acid.* 

*  The  accounts  given  by  R.  Weber  (Pogg.  Ann.,  120,  287)  and  C.  Rammels- 
berg  (Berlin  Monatsb.,  1874,  ^90,  Zeit.  anal.  Chem.,  13,  447)  of  the  mode  of 
formation  of  the  solutions  of  titanium  and  metatitanium  chlorides  differ.  The 
matter  requires  further  investigation. 

I  2 
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h.  Reactions  with,  alkalies. — Eecently  precipitated  hydrate  of  titanic 
acid  is  almost  absolutely  insoluble  in  solution  of  potassa ;  if  titanic  acid  is 
fused  -with  hydrate  of  potassa  and  the  fused  mass  treated  with  water, 
the  solution  contains  a  little  more  titanic  acid.  By  fusion  with  carbon- 
ates  of  the  alkalies,  neutral  titanates  of  the  alkalies  are  formed,  with 
expulsion  of  carbonic  acid  ;  water  extracts  from  the  fused  mass  free  alkali  and 
alkaline  carbonate,  leaving  behind  acid  titanate  of  the  alkali ;  this  is  soluble 
in  hydrochloric  acid.  Titanic  acid  mixed  with  charcoal  and  heated  to  redness 
in  a  stream  of  chlorine,  gives  chloride  of  titanium,  a  volatile  liquid  which 
emits  copious  fumes  in  the  air.  Microcosmic  salt,  dissolves  titanic  acid 
in  the  point  of  the  outer  blowpipe  flame  to  a  colourless  bead,  but  with  dif- 
ficulty ;  in  front  of  the  point  of  the  inner  flame,  titanic  acid  dissolves  readily 
and  in  considerable  quantity.  If  the  clear  and  colourless  bead  is  again: 
held  in  the  point  of  the  outer  flame,  it  becomes  opaque  if  sufficiently 
saturated,  and  by  the  continued  action  of  the  flame  titanic  acid  will  separate 
in  mici'oscopic  crystals  of  the  form  of  anatase  (G.Rose).  According  to 
A.  Knop  the  crystals  are  phosphate  of  titanic  acid,  but  according  to 
G.  "Wunder  they  are  rhombohedral,  and  consist  of  phosphate  of  titanic 
acid  and  soda.  If  the  bead  is  held  in  a  good  reducing  flame  for  some 
time,  it  will  appear  yellow  while  hot,  red  while  cooling,  and  violet  when  cold. 
The  reduction  is  promoted  by  the  addition  of  a  little  tin.  If  some  ferrous 
sulphate  is  added,  the  bead  obtained  in  the  reducing  flame  will  appear 
blood-red. 

9.  Tantalic  Acid. 

Tantalum  forms  with  oxygen  tantalic  acid,  TaOj  [Ta205],  and  tantalic 
oxide,  Ta04  [TaO,].  Tantalic  acid  occurs  in  columbite  and  tantalite  (almost 
always  in  conjunction  with  niobic  acid).  Tantalic  acid  is  white,  pale  yellow- 
ish when  hot  (diff"erence  from.titanic  acid) ;  when  separated  in  the  wet  way,  it 
contains  water  of  hydration.  The  anhydrous  acid  has  a  sp.  gr.  of  7'0  to  8-25. 
Tantalic  acid  is  not  reduced  by  ignition  in  a  current  of  hydrogen.  It 
combines  with  acids  as  well  as  with  bases. 

a.  Acid  solutions. — When  the  acid  is  intimately  mixed  with  charcoal, 
and  ignited  in  a  current  of  dry  chlorine,  chloride  of  tantalum,  TaClj  [TaOIJr 
is  formed ;  this  is  yellow,  solid,  fusible,  and  can  be  sublimed ;  it  is  completely 
decomposed  by  water,  with  formation  of  tantalic  acid;  it  is_ entirely  soluble 
in  sulphuric  acid,  almost  entirely  soluble  in  hydrochloric  acid,  and  partially 
in  potassa  solution.    If  titanic  acid  be  present,  on  heating  the_  mixture  of 
acids  with  charcoal  in  a  current  of  chlorine,  chloride  of  titanium  will  be 
formed  and  will  fume  strongly  in  the  air.    Hydrated  tantaHc  acid  dissolves 
in  hydrofluoric  acid,  and  the  solution  when  mixed  with  fluoride  of  potas- 
sium yields  avery  characteristic  salt  in  fine  needles, 2KF,TaF5  [K2TaF,],which 
is  distinguished  by  its  sparing  solubility  in  water  acidified  with  hydrofluoria 
acid  (1  of  the  acid  to  150  or  200  of  water).    Hydrochloric  and  concentrated 
sulphuric  acid  do  not  dissolve  the  ignited  acid.   With  bisulphate  of  potassa, 
it  fuses  to  a  colourless  mass  ;  if  this  is  treated  with  water,  the  tantahc  acid 
combined  with  the  sulphuric  acid  remains  undissolved  (difi"erence  between 
tantalic  acid  and  titanic  acid ;  but  this  cannot  be  made  the  basis  of  a  method 
of  separation).    When  ignited  in  an  atmosphere  of  carbonate  of  ammonia, 
the  sulphate  of  tantalic  acid  is  converted  into  pure  tantalic  acid.   If  a  solu- 
tion of  alkaline  tantalate  is  mixed  with  hydrochloric  acid  in  excess,  the  first- 
formed  precipitate  redissolves  to  an  opalescent  liquid ;  on  adding  ammonia 
or  sulphide  of  ammonium  to  this,  the  hydrate  or  an  acid  tantalate  of 
ammonia  is  thrown  down,  but  tartaric  acid  prevents  the  precipitation.  Sul- 
phuric acid  precipitates  sulphate  of  tantalic  acid  from  the  opalescent  liquid. 
When  acid  solutions  of  tantalic  acid  are  brought  into  contact  with  zinc,  no 
blue  coloration  is  observed  (dift'erence  between  tantalic  acid  and  niobic  acid). 

I.  Behaviour  with  alkalies.— By  conlinned  fusion  with  hydrate  of 
potassa,  tantalate  of  potassa  is  formed ;  the  fused  mass  dissolves  in  water. 
If  hydrate  of  soda  is  used,  an  opaque  melt  is  obtained ;  a  little  water 
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poured  on  tWs  .ass  will  f^^T^^^l^^^^ 

Sf  tte  tantalate  of  soda  -J^dissolved  J^^^^^^J^^^^^ter  the  removal  of 

soda  ;  but  the  tantalate  J^^n^  sXtLi  of  soda  to  this,  the  tantalate 
the  excess  of  soda.    On  slowly  addma;  solution  oi  hu  '   ^  ^^ntalates 

less  even  in  tli  fnn^  and  does  notacquire  a  blood-red  tint  on  adding 

feSous  sulphate  (difference  between  tantalic  acid  and  titanic  acid). 

10.  Niotoic  Acid. 

Niobinm  combines  with  oxygen  in  several  proportions.^  NbO^  [NbO] 
and  NbO,  [NbOJ,  are  oxides,  NbO^  [Nb,OJ  (niobic  acid)  is  an  acid  It 
is  occasionally  found  in  columbite,  samarskite,  &c.,  and  is  usua  y  accom- 
panied by  taJtalic  acid.  It  is  white,  but  turns  transiently  yellow  when 
Fgnied  (difference  between  niobic  acid  and  tantalic  acid).  Its  sp  gr.  hes 
between  4-37  and  4-53  (difference  between  niobic  acid  and  tantalic  acia)  By 
strTng  ignition  in  hydrogen,  the  niobic  acid  is  converted  into  the  black 
mo  rNbO  1    Niobic  acid  combines  both  with  bases  and  with  acids  _ 

a  AcS  solutions  of  niobic  acid.-Ooncentrated  sulphuric  acid 
dissolves  the  acid  on  heating,  unless  it  has  been  too  ^'^^^^^ 
addition  of  much  cold  water,  a  clear  solution  is  obtained.    When  ^^sed  with 
^isulphate  of  potassa,  it  dissolves  readily  to  a  colonrless  mass,  and  on 
treating  the  melt  with  boiling  water,  niobic  acid  containing  sulphuric  ac  d 
remain?  undissolved;  this,  however,  is  readily  soluble  in  hydrofluoric  acid 
/see  below).    By  mixing  niobic  acid  intimately  with  charcoal  and  heatmg 
it  fn  a  cui;ent  of  chlSrine,  a  mixture  is  obtained  of  the  white  infusible, 
difficultly  volatile  oxychloride,  NbO.Cl^  [NbOCIJ,  and  the  yellow  more 
volatile  chloride,  NbCl^  [NbCIJ.    On  treatment  with  water  both  compounds 
give  turbid  solutions,  in  which  a  portion  of  the  niobic  acid  is  suspended,  but 
the  larger  portion  is  dissolved.    If  the  compounds  are  boiled  with  hydro- 
chloric acid  and  water  is  subsequently  added,  clear  solutions  are  obtained, 
which  are  not  precipitated  either  by  boiling  or  by  sulphuric  acid  m  the  cold 
(difference  from  chloride  of  tantalum).  By  igniting  niobic  acid  m  the  vapour  ot 
chloride  of  niobium  the  oxychloride  is  formed  (difference  from  tantalic  acid). 
From  the  acid  solutions  of  niobic  acid,  ammonia  and  sulphide  o±  am- 
monium throw  down  hydrate  of  niobic  acid  containing  ammonia ;  this  and 
generally  the  unignited  forms  of  niobic  acid  dissolve  in  hydrofluoric  acid. 
The  solution  when  mixed  with  fluoride  of  potassium  gives  fluoride  ot  potas- 
sium and  niobium,  KF.NbFg  [KNbF„],  if  hydrofluoric  acid  is  in  excess,  other- 
wise it  gives  a  combination  of  fluoride  of  potassium  and  oxyfluoride  ot  nio- 
bium, KF,Nb02F3  [KNbOFJ.    The  latter  salt  is  also  obtained  when  niobate 
of  potassa  is  dissolved  in  hydrofluoric  acid;  it  is  readily  soluble  m  cold 
water,  i  part  dissolving  in  12-5  parts  (difference  from  fluoride  ot  potassium 
and  titanium,  which  requires  96  parts  of  water,  and  from  fluoride  ot  potas- 
sium and  tantalum,  which  requires  200  parts  of  water).    On  digesting  a 
hydrochloric  or  sulphuric  acid  solution  of  niobic  acid  with  zinc  or  tin,  it 
acquires  a  blue  and  generally  also  a  brown  colour,  in  consequence  of  the 
■reduction  of  the  niobic  acid  to  lower  oxides.    In  the  presence  of  alkaline 
fluorides,  the  reduction  does  not  take  place  (difference  between  niobic  acid 
and  titanic  acid).  . 

h.  Alkaline  solutions.— With  hydrate  of  potassa  niobic  acid  fuses 
to  a  clear  mass,  soluble  in  water.   Towards  hydrate  of  soda,  niobic  acid 
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exhibits  the  same  behaviour  as  tautalic  acid  ;  from  the  solution  of  niobate  of 
potassa,  solution  of  soda  precipitates  an  almost  insoluble  niobate  of  soda^ 
On  boiling  a  solution  of  niobate  of  potassa  with  bicarbonate  of  potassa^. 
an  almost  insoluble  acid  niobate  of  potassa  is  thrown  down.  On  fusing 
niobic  acid  with  carbonate  of  soda  aud  boiling  the  melt  with  water,  a» 
crystalline  acid  niobate  of  soda  remains  undissolved.  Carbonic  acid,  when 
passed  into  solutions  of  niobate  of  soda,  precipitates  all  the  niobic  acid  as  aa 
acid  salt.  Microcosmic  salt  dissolves  niobic  acid  readily  ;  the  bead  held 
in  the  outer  flame  appears  colourless  as  long  as  it  is  hot ;  in  the  inner  flame 
it  has  a  violet,  blue,  or  brown  colour,  according  to  the  quantity  of  the  acid 
present,  and  acquires  a  red  colour  on  the  addition  of  ferrous  sulphate. 

For  the  best  methods  of  detecting  the  whole  of  the  members  of  the  third 
group  in  presence  of  each  other,  see  Part  II.,  Section  III. 

§  105. 
Fourth  Group. 

More  common  oxides: — Oxide  of  zinc,  Protoxide  of  Man- 
ganese, Protoxide  of  ISTickel,  Protoxide  of  Cobalt,  Protoxide 
of  Iron,  Sesquioxide  of  Iron. 

Karer  oxides: — Sesquioxide  of  Uranium,  Protoxide  of 
Thallium,  Oxide  of  Indium,  Oxide  of  Gallium,  Oxides  of 
Vanadium. 

ProjJerties  of  the  group. — The  solutions  of  the  oxides  of  the- 
fourth  group,  if  a  strong  free  acid  is  present,  are  not  precipitated  by 
sulphuretted  hydrogen;  nor  are  neutral  solutions,  at  least  not  com- 
pletely. Alkaline  solutions,  however,  are  completely  precipitated  by 
sulphuretted  hydrogen ;  and  so  are  other  solutions  if  a  sulphide  of  an 
alkali  metal  is  used  as  the  precipitant,  instead  of  sulphuretted  hydrogen.* 
The  precipitated  metallic  sulphides  corresponding  vpith  the  several  oxides 
are  insoluble  in  water ;  some  of  them  are  readily  soluble  in  dilute  acids ; 
others  (sulphide  of  nickel  and  sulphide  of  cobalt)  dissolve  only  with 
very  great  diJQ&culty  in  these  menstrua.  Some  are  insoluble  in  sulphides- 
of  the  alkali  metals,  others  (nickel)  are  sparingly  soluble  in  them  under 
certain  circumstances,  whilst  others  again  (vanadium)  are  completely 
soluble.  The  oxides  of  the  fourth  group  accordingly  diflTer  from  those 
of  the  first  and  second  groups  in  this,  that  their  solutions  are  precipi- 
tated by  sulphide  of  ammonium,  and  from  those  of  the  third  group 
inasmuch  as  the  precipitates  produced  by  sulphide  of  ammonium  are 
sulphides,  and  not  hydrated  oxides,  as  is  the  case  with  alumina,  ses- 
quioxide of  chromium,  &c. 

Special  Keactions  of  the  more  common  Oxides  of 

the  fourth  group. 

§  106. 

a.  Oxide  of  Zinc,  ZnO  [ZnO]. 

1.  Metallic  zinc  is  bluish- white  and  very  bright ;  when  ex-posed 
to  the  air,  a  thin  coating  of  basic  carbonate  of  zinc  forms  on  its. 
surface.     It  is  of  medium  hardness,  malleable  at  a  temperature  of 

*  Vanadic  acid  behaves  in  a  peculiar  way  with  sulphide  of  ammonium :  see- 
§  113,  e.  , 
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between  100°  and  150°,  but  otherwise  more  or  less  brittle;  it  fuses 
retLTon  cVrcoal  before  the  blowpipe,  boils  afterwards,  and  bm-ns 
rejiauy  on_  ^^^^^  .  .     oflp^vi^ite  fumes,  and  coating  the  char-. 

Totl  supp't  w^^^^^  -  hydrochloric  and 

sS^^hS  aclr  with  evolution  of  hydrogen  ;  in  dilute  mtric  acid,  wi  h 
evoCorof  nitTous  oxide;  in  more  concentrated  nitric  acid,  with 

^^"oxfdTof 'inc  and  its  hydrate  are  white  powder.,  which 
are  Insoluble  in  water,  but  dissolve  readUy  -  hydroch  oric,  rixtric  and 
sulphuric  acids.  Oxide  of  zinc  acquires  a  lemon-yellow  tint  when 
heaCrbut  resumes  its  original  white  colour  as  it  coo  s;  when  ignited 
before  the  blowpipe,  it  becomes  briUiantly  incandescent. 

3  The  salts  of  oxide  of  zinc  are  colourless;  some  of  them  ai^ 
soluble  in  water,  the  others  in  acids.  The  neutral  sa  ts  of  zmc  which 
are  soluble  in  water  redden  litmus-paper,  and  are  readily  ^^P^^^^^^J 
heat,  with  the  exception  of  sulphate  of  zinc,  which  is  not  decomposed 
at  a  duU  red  heat,  but  readHy  undergoes  decomposition  at  a  higner 
temperature.    Chloride  of  zinc  is  volatile  at  a  red  heat. 

4  Sulphuretted  hydrogen  throws  down  a  part  of  the  zmc  trom 
neutral  solutions  of  zinc  salts  containing  strong  acids  m  the  form  ot 
white  hydrated  sulphide  of  zinc,ZnS  [ZnS].  On  the  other  hand,  from 
neutral  solutions  of  zinc  salts  containing  weak  acids,  acetate  ot  zmc  for 
example,  or  from  solutions  of  neutral  zinc  salts  which  contam  neutral 
salts  of  weak  acids  in  sufficient  quantity  (for  example  acetate  ot  soda  or 
sulphocyanate  of  ammonium),  sulphuretted  hydrogen  throws  down  ail  the 
zinc.  In  acid  solutions,  no  precipitate  is  produced  if  the  free  acid  is  one 
of  the  strong  acids,  and  is  present  in  sufficient  quantity.  Acid  sulphates 
of  the  alkahes  prevent  the  precipitation  only  when  present  m  abundance  ; 
with  smaH  quantities,  part  of  the  zinc  is  precipitated.^  AU  the  zmc  is 
thrown  down  from  a  solution  of  zinc  oxide  in  acetic  acid. 

5.  Sulphide  of  ammonium  throws  down  from  neutral,  and  sul- 
phuretted hydrogen  from  alkaline  solutions  the  whole  of  the  metal  as 
hydrated  sulphideofzinc,inthe  form  of  a  white  precipitate.  Chloride 
of  ammonium  greatly  promotes  the  separation  of  this  precipitate.  From 
very  dilute  solutions,  the  precipitate  separates  only  after  long  standmg. 
It  is  not  redissolved  by  an  excess  of  sulphide  of  ammonium,  or  by 
potassa  or  ammonia ;  but  dissolves  readUy  in  hydrochloric  acid,  mtric 
acid,  and  dilute  sulphuric  acid.    It  is  insoluble  in  acetic  acid. 

6. "  Potassa  and  soda  thiw  down  hydrated  oxide  of  zmc,. 
ZnO,HO  [ZnHjO^l,  in  the  form  of  a  white  gelatinous  precipitate,  which 
is  readily  and  completely  redissolved  by  an  excess  of  the  precipitant. 
On  boihng  these  alkahne  solutions,  they  remain  unaltered  if  concen- 
trated ;  but  if  dilute,  nearly  the  whole  of  the  oxide  of  zinc  separates 
as  a  white  precipitate.  Chloride  of  ammonium  added  to  alkaline 
solutions,  not  containing  a  large  excess  of  potassa  or  soda,  produces  a 
white  precipitate  of  hydrated  oxide  of  zinc,  which,  however,  redissolves 
on  addition  of  more  chloride  of  ammonium ;  solutions  which  contain  a 
large  excess  of  potassa  or  soda  give  no  precipitate  with  chloride  of  am- 
monium (difference  between  oxide  of  zinc  and  alumuia). 

7.  Ammonia  also  produces  a  precipitate  of  hydrated  oxide  of 
zinc  in  solutions  of  zinc  salts,  if  they  do  not  contain  a  large  excess  of 
free  acid  ;  this  precipitate  dLssolves  readily  in  an  excess  of  the  precipi- 
tant ;  the  concentrated  solution  becomes  turbid  when  mixed  with  water, 
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and  on  boiling  it  part  of  the  oxide  of  zinc  separates  immediately ;  on 
boiling  the  diluted  solution,  all  the  oxide  of  zinc  precipitates.  Ammonia 
salts  intei-feve  more  oi-  less  with  these  precipitations. 

8.  Carbonate  of  soda  produces  a  precipitate  of  basic  carbonate 
of  zinc,  which  is  insoluble  in  an  excess  of  the  precipitant.  The  com- 
position of  the  precipitate  varies  with  the  degree  of  concentration  of  the 
solution,  the  temperature,  and  the  pi'oportion  of  the  precipitant  em- 
ployed. The  presence  of  salts  of  ammonia  in  great  excess  prevents  the 
formation  of  this  precipitate. 

9.  Carbonate  of  ammonia  also  produces  the  same  precipitate  of 
basic  carbonate  of  zinc  as  carbonate  of  soda  does ;  but  this  precipi- 
tate redissolves  on  adding  excess  of  the  precipitant :  on  boiling  the 
dilute  solution,  a  white  precipitate  is  formed ;  ammonia  salts  interfere 
more  or  less  with  this  precipitation. 

N.B. — Non-volatile  organic  acids  interfere  more  or  less  with  the 
precipitation  of  solutions  of  zinc  by  the  caustic  and  carbonated  alkalies. 
Sugar  does  not  prevent  the  precipitations. 

10.  Carbonate  of  baryta  does  not  precipitate  solutions  of  salts 
of  zinc  in  the  cold,  with  the  exception  of  the  sulphate. 

11.  Ferrocyanide  of  potassium  throws  down  ferrocyanide  of 
zinc,  ZugCfy  [Zn„Fe(CN)5],  as  a  white  slimy  precipitate,  somewhat  soluble 
in  excess  of  the  precipitant,  insoluble  in  hydrochloric  acid. 

12.  Ferrioyanide  of  potassium  throws  down  ferricyanide  of 
zinc,  ZUgCfdy  [Zn3Fe2(CN),2],  as  a  brownish  orange-yellow  precipitate, 
soluble  in  hydrochloric  acid  and  in  ammonia. 

13.  If  a  mixture  of  oxide  of  zinc  or  one  of  its  salts  with  carbonate 
of  soda  is  exposed  to  the  reducing  flame  of  the  blowpipe,  the  charcoal 
support  becomes  covered  with  a  slight  coating  ofoxideofzinc,  which 
is  yellow  while  hot,  but  turns  white  on  cooling  ;  this  coating  is  produced 
by  the  reduced  metallic  zinc  volatilizing  at  the  moment  of  its  reduction, 
and  being  reoxidized  in  passing  through  the  outer  flame.  The  metallic 
incrustation  obtained  according  to  p.  25  is  black  with  a  brown  edge, 
the  incrustation  of  oxide  is  white,  and  therefore  invisible  upon 
porcelain.  It  may  be  dissolved  in  nitric  acid  and  examined  accord- 
ing to  14. 

14.  If  oxide  of  zinc  or  a  zinc  salt  is  moistened  with  solution  of 
nitrate  of  cobalt,  and  then  heated  before  the  blowpipe,  an  unfused 
mass  is  obtained  of  a  beautiful  green  colour;  this  mass  is  a  compound 
of  oxide  of  zinc  with  protoxide  of  cobalt.  If,  therefore,  in  the  first 
experiment  described  in  13  the  charcoal  is  moistened  around  the  little 
cavity  with  solution  of  cobalt  and  ignited,  the  coating  appears  green 
when  cold.  This  test  may  be  applied  with  great  delicacy  by  mixing 
the  solution  to  be  tested  with  a  very  little  of  the  cobalt  solution  (not 
enough  to  give  a  bright  red  colour),  adding  carbonate  of  soda  in  slight 
excess,  boiling,  collecting  the  precipitate,  washing  it,  and  igniting  on 
platinum  foil.  On  triturating  the  residue,  the  green  colour  may  be 
distinctly  and  readily  observed  (Bloxam). 


§  107.] 
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h.  Manganous  Oxide,  or  Protoxide  of  Manganese, 

MnO  [MnO]. 

1  Metallic  manganese  is  whitish-gray,  cluU,  very  hard,  brittle, 
^nd  f^^ses^^th  very  gx-eat  difficulty.  It  oxidizes  rapidly  m  moist  air, 
tnd  i^  wX- with  evolution  of  hydrogen,  and  crumbles  to  a  dark  gray 
powder  It  dissolves  readily  in  acids,  the  solutions  containing  the 
corresnonding  salt  of  the  protoxide.  ,-,        i    j.  i 

2  Protoxide  of  manganese  is  light  green ;  the  hydrated  prot- 
oxide is  white.  The  former  smoulders  to  brown  protosesquioxide  when 
Wed  in  the  air,  the  latter  even  at  the  ordinary  temperature  rapidly 
absorbs  oxygen  from  the  aii-  and  passes  into  brown  hydrated  protosesqui- 
o5de  they%re  both  readily  soluble  in  hydrochloric,  nitric,  and  sul- 
phuric acids.  All  the  higher  oxides  of  manganese  without 
exception  dissolve  to  protochloride,  with  evolution  of  chlorine,  when 
heated  with  hydrochloric  acid;  and  to  sulphate  of  protoxide,  with 
evolution  of  oxygen,  when  heated  with  concentrated  sulphuric  acid. 

3  The  salts  of  protoxide  of  manganese  are  colourless  or  pale 
red -'some  are  soluble  in  water,  the  others  in  acids.  The  salts  soluble 
in  water  are  readily  decomposed  by  a  red  heat,  with  the  exception  ot  the 
sulphate.    The  solutions  do  not  alter  vegetable  colours. 

4  Sulphuretted  hydrogen  does  not  precipitate  acid  solutions; 
neutral  solutions  also  it  fails  to  precipitate,  or  precipitates  them  but 

very  imperfectly.  .    i       i  i 

5  Sulphide  of  ammonium  throws  down  from  neutral,  and  sul- 
phuretted hydrogen  from  alkaline  solutions  the  whole  of  the  metal  as 
hydrated  sulphide  of  manganese,  MnS,HO  [MnS.H.O],  m  the  form 
of  a  licrht  flesh-coloured*  precipitate,  which  becomes  dark-brown  on 
exposure  to  air ;  this  precipitate  is  insoluble  in  sulphide  of  ammonium 
and  in  alkalies,  but  readily  soluble  in  hydrochloric,  nitric,  and  acetic 
acids.  The  separation  of  the  precipitate  is  materiaUy  promoted  by  the 
addition  of  chloride  of  ammonium.  From  very  dUute  solutions,  the  pre- 
cipitate separates  only  after  standing  for  some  time  m  a  warm  place 
Oxalate  of  ammonia,  tartrate  of  ammonia,  and  especially  citrate  ot 
ammonia  retard  the  precipitation,  the  latter  salt  also  keeps  some  of  the 
manganese  in  solution.  In  the  presence  of  ammonia  and  sulphide  ot 
ammonium  in  large  excess,  the  flesh-coloured  hydrated  precipitate 
occasionally  passes  into  the  green  crystalline  sulphide  3Mnb,2HO 
i:3MnS,2H,,0],  even  in  the  cold,  the  change  being  greatly  facilitated  by 
boiling,  and  being  hindered  more  or  less  by  the  presence  of  chloride  of 
ammonium ;  solutions  containing  much  free  ammonia  should  first  be 
nearly  neutralized  with  hydrochloric  acid  before  adding  the  sulphide 
of  ammonium.  ,  . 

6.  Potassa,  soda,  and  ammonia  produce  whitish  precipitates  of 
hydrate  of  protoxide  of  manganese,  MnO,HO  [MnH,0,,],  which 
on  exposure  to  the  air  speedily  become  brownish  and  finally  of  a  deep 
blackish-brown,  owing  to  the  conversion  of  the  hydrated  protoxide  of 
manganese  into  the  hydrated  protosesquioxide  by  the  absorption  of 

*  If  the  quantity  of  the  precipitate  is  only  trifling,  the  colour  appears  yellowish 
white. 
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oxygen  from  the  air.  Ammonia  precipitates  half  only  of  the 
manganese  as  hydrate  (comp.  §  98,  4,  p.  99).  Ammonia  and  carbonate 
ot  ammonia  do  not  redissolve  this  precipitate;  but  the  presence  of 
cmonde  ot  ammonium  prevents  the  precipitation  by  ammonia  alto- 
gether and  that  by  potassa  partly;  solution  of  chloride  of  ammonium 
redissolves  only  those  portions  of  already  formed  precipitates  which  have 
not  yet  undergone  peroxidation.  The  dissolution  of  the  hydrate  in 
chloride  of  ammonium  is  owing  to  the  disposition  of  the  salts  of 
protoxide  of  manganese  to  form  double  salts  with  salts  of  ammonia. 
Ihe  ammoniacal  solutions  of  these  double  salts  turn  brown  on 
exposure  to  aii-,  and  deposit  dark-brown  hydrate  of  protosesquioxide 
ot  manganese.  i  1 

7.  If  potassa  or  soda  or  acetate  of  soda  is  added  to  a  solution  of  a 
manganese  salt  and  then  "chloride  of  soda"  or  a  solution  of 
toromme,  and  the  mixture  heated,  the  whole  of  the  manganese 
separates  as  the  brownish-black  hydrate d  peroxide. 

P  Non- volatile  organic  acids  impede  or  prevent  the  precipitation 

ot  the  hydrates  of  manganous  and  manganic  oxides.  Sugar  impedes 
the  precipitation  of  manganous  oxide  but  not  of  the  peroxide. 

8.  Carbonate  of  ammonia  throws  down  white  carbonate  of 
protoxide  of  manganese,  MnO,CO., -t- HO  [MnC03,H.,0].  The 
precipitation  is  complete  after  some  time,  even  in  presence  of  chloride 
of  ammonium.  Carbonates  of  the  fixed  alkaUes  give  a  white 
precipitate  which  is  either  hydrated  carbonate  of  manganese, 
hydrated  protoxide  of  manganese,  or  a  mixture  of  these,  accord- 
ing to  circumstances.  When  freshly  precipitated,  it  dissolves  in 
chloride  of  ammonium  solution,  but  it  is  insoluble  in  excess  of  the 
precipitant. 

N.B.  Non-volatile  acids  interfere  with  or  prevent  the  precipitation 
by  fixed  alkaline  carbonates,  whilst  the  precipitation  with  carbonate  of 
ammonia  is  retarded,  but  not  prevented. 

9.  Perrocyanide  of  potassium  throws  down  ferrocyanide  of 
manganese,  Mn.Cfy  [Mn,Fe(CN),],  as  a  reddish-white  precipitate, 
soluble  in  hydrochloric  acid. 

10.  Ferricyanide  of  potassium  precipitates  brown  ferricyanide 
of  manganese,  Mn,Cfdy  [Mn3Fe,(CN),2],  insoluble  in  hydrochloric  acid 
or  ammonia. 

11.  If  a  few  drops  of  a  solution  containing  protoxide  of  manganese, 
.and  free  from  chlorine,  are  sprinkled  on  binoxide  of  lead,  nitric  acid 
free  from  chlorine  added,  and  the  mixture  boiled  and  allowed  to  settle, 
the  solution  acquires  a  red  colour,  from   the  formation  of  per- 
manganic acid  (Hoppe-Seyler). 

12.  Carbonate  of  baryta  does  not  precipitate  protoxide  of  man- 
ganese from  aqueous  solutions  of  its  salts  by  digestion  in  the  cold,  except 
in  the  case  of  sulphate  of  protoxide  of  manganese. 

13.  If  any  compound  of  manganese,  in  a  state  of  minute  division,  is 
fused  with  2  to  3  parts  of  carbonate  of  soda  on  a  platinum  wire,  or  on 
a  small  stiip  of  platinum  foil  (heated  by  dii^ecting  the  flame  on  to  the 
lower  surface),  in  the  outer  flame  of  the  Bunsen  or  blowpipe,  man- 
ganate  of  soda,  ]SraO,Mn03  [Na,MnO,],  is  formed,  which  makes  the 
melt  appear  green  while  hot,  and  of  a  bluish -green  tint  after  cool- 
ing, the  bead  at  the  same  time  losing  its  transparency.  This  reaction 
enables  us  to  detect  the  smallest  traces  of  manganese. 
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14  Boras  and  microcosmic  salt  dissolve  imnganese  compounds 
in  theoutevgas  or  blowpipe  flame  to  clear  violet-red  beads,  which  on 
in  ine  outti  «a  „  „  _i if„.t-red  tint :  they  lose  then-  colour  m  the 
LtKXgral-'lC^^^^^^  LesquLide  to  protoxide  The 

Wxb^d  Appears  black  when  containing  a  considerable  portion  of 
seWoxide  o/manganese,  but  that  formed  by  microcosmic  salt  never 
L  JTts  transparency ;  the  latter  loses  its  colour  m  the  inner  flame  of 
the  blowpipe  far  more  readily  than  the  former. 

§  108. 

c.  Nickelous  Oxide  or  Protoxide  of  Nickel,  NiO  [NiO]. 

1  Metallic  nickel  in  the  fused  state  is  silvery  white,  inclining 
to  <n^ay;  it  is  bright,  hard,  maUeable,  difficultly  fusible ;  it  does  not 
oxidize  in  the  air  at  the  common  temperature,  but  it  oxidizes  slowly  on 
ignition  :  it  is  attracted  by  the  magnet  and  may  itself  become  magnetic. 
It  dissolves  slowly  in  hydrochloric  acid  or  dilute  sulphuric  acid  on 
applying  heat,  with  evolution  of  hydrogen.  It  dissolves  readily  m 
nitric  acid.    The  solution  contains  a  salt  of  protoxide  of  nickel. 

2  Hydrate  of  protoxide  of  nickel  is  light  green,  and  re- 
mains unaltered  in  the  air,  but  is  converted  into  green  protoxide  _ot 
nickel  at  a  white  heat.  Both  the  protoxide  and  its  hydrate  are  readily 
soluble  in  hydrochloric,  nitric,  and  sulphuric  acids;  the  protoxide 
crystaUized  in  octahecbons  is,  however,  insoluble  in  acids,  but  dissolves  m 
fusing  bisulphate  of  potassa.  Sesquioxide  of  nickel,  NI3O3  [Nl^], 
is  black;  it  dissolves  in  hydrochloric  acid  to  protochloride  with  evolution 
of  chlorine.  By  gentle  ignition  of  the  hydrate,  carbonate,  or  nitrate, 
a  residue  of  grayish-green  colour  is  obtained  consisting  of  the  prot- 
oxide containing  sesquioxide. 

3.  Most  of  the  salts  of  protoxide  of  nickel  are  yellow  m  the 
anhydrous,  green  in  the  hydrated  sta,te ;  their  solutions  are  light  green. 
The  soluble  neutral  salts  slightly  redden  litmus-paper.  The  salts  of 
nickel  containing  volatile  acids  are  as  a  rule  easily  decomposed  by 
ignition ;  the  sulphate,  however,  will  stand  a  low  red  heat. 

4.  SvLLphuretted  hydrogen  does  not  precipitate  sokitions  of  nickel 
salts  of  strong  acids  in  presence  of  free  acids;  in  the  absence  of  a 
free  acid,  a  small  portion  of  the  nickel  gradually  separates  as  black 
sulphide  of  nickel,  NiS  [NiS].— Acetate  of  protoxide  of  nickel  is 
not  precipitated,  or  but  very  slightly  in  presence  of  free  acetic  acid ; 
but  in  the  absence  of  free  acid,  however,  the  greater  part  of  the  nickel 
is  thrown  down  by  long-continued  action  of  sulphuretted  hydrogen ; 
moreover,  if  the  solution  contain  sufficient  of  the  acetate  of  an  alkali, 
sulphuretted  hydrogen  will  precipitate  the  whole  of  the  nickel  from  the 
hot  solution,  even  when  excess  of  acetic  acid  is  present. 

5.  Sulphide  of  ammoniiim  in  neutral,  and  sulphuretted  hydro-', 
gen  in  alkaline  solutions,  produces  a  black  precipitate  of  hydrated 
sulphide  of  nickel,  NiS  [NiS],  which  is  not  altogether  insoluble  in 
sulphide  of  ammonium,  especially  if  the  latter  contains  free  ammonia ; 
the  solution  from  which  the  precipitate  has  been  thrown  down  is  usually 
therefore  of  a  brownish  colour,  and  yields  a  slight  precipitate  of 
sulphide  of  nickel,  on  being  neutralized  with  acetic  acid  and  warmed. 
The  presence  of  chloride  of  ammonium,  and  still  more  of  acetate  of 
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ammonia,  considerably  promotes  the  precipitation.  Sulphide  of  nickel 
dissolves  scarcely  at  all  in  acetic  acid,  with  great  difficulty  in  hydro- 
chloric acid.  Sulphide  of  nickel  precipitated  boiling  is  almost  insoluble 
in  dilute  hydi-ochloric  acid,  but  dissolves  readily  when  warmed  with 
Hitric  acid  or  nitro-hydrochloric  acid. 

6.  Potassa  and  soda  give  a  light  green  precipitate  of  hydrate  of 
protoxide  of  nickel,  NiO,HO  [NiH.pj,  which  is  insoluble  in  excess 
ot  the  precipitants,  and  not  altered  by  exposui-e  to  the  air,  or  by  boiling 
(even  on  aclding  iodine  or  alcohol).  Carbonate  of  ammonia  dissolves 
this  precipitate,  when  collected  and  washed,  to  a  gi-eenLsh-blue  liquid, 
from  which  potassa  or  soda  reprecipitates  the  nickel  as  an  apple-ffreen 
hydrate  of  the  protoxide. 

7.  Ammonia  added  in  small  quantity  produces  a  trifling  gi-eenish 
turbidity ;  a  larger  quantity  of  the  reagent  redissolves  this  precipitate 
readily  to  a  blue  solution  containing  a  compound  of  protoxide  of 
nickel  and  ammonia.  Potassa  and  soda  added  to  this  solution 
precipitate  hydrate  of  protoxide  of  nickel.  Solutions  containing  salts 
of  ammonia  or  free  acid  are  not  rendered  turbid  by  ammonia. 

8.  If  potassa  or  soda  is  added  to  a  solution  of  a  nickel  salt  and  then 
bromine  water  or  a  solution  of  "  cMoride  of  soda "  (not  iodine, 
distinction  from  cobalt)  in  sufficient  quantity,  and  the  mixture  is  heated' 
the  whole  of  the  nickel  is  thrown  down  as  black  hydr at ed  peroxide 
•of  nickel,  wMch  on  adding  cyanide  of  potassium  dissolves  with 
formation  of  potassium  nickel  cyanide.  It  is  also  reduced  by  a  solution 
of  ammonia  and  chloride  of  ammonium,  and  dissolves  as  ammonio-nickel 
oxide.  The  black  precipitate  must  be  filtered  off  from  the  solution, 
before  heating  it  with  these  reagents.  Dissolution  takes  place  some- 
what slowly  in  the  cold,  rapidly  on  heating. 

Isr.B.  The  presence  of  non-volatile  organic  acids,  and  of  sugar, 
prevents  or  impedes  the  precipitation  of  the  nickel  as  protoxide  or 
peroxide. 

9.  Ferrocyanide  of  potassium  precipitates  greenish-white  ferro- 
cyanide  of  nickel,  Ni^Cfy  [Ni,Fe(CN)J,  which  is  insoluble  in  hydro- 
chloric acid. 

10.  Perricyanide  of  potassium  precipitates  yellowish-brown 
ferricyanide  of  nickel,  NigCfdy  [NijFe.lCN),,],  which  is  insoluble  in 
hydrochloric  acid.  In  presence  of  chloride  of  ammonium  and  am- 
monia, precipitation  does  not  take  place  until  the  solution  is  boiled. 

1.1.  Cyanide  of  potassium  produces  a  yellowish-green  precipitate 
of  cyanide  of  nickel,  NiCy  [Ni(CNy,  which  redissolves  readily 
in  excess  of  the  precipitant  as  the  double  cyanide  of  nickel  and 
potassium,  ]SriCy,KCy  [Ni(CN)2,2KCN] ;  the  solution  is  brownish-yellow, 
and  does  not  darken  on  exposure  to  the  air.  If  sulphuric  acid  or 
hydrochloric  acid  is  added  to  this  solution,  the  cyanide  of  potassium  is 
decomposed,  and  the  cyanide  of  nickel  reprecipitated ;  from  very  dilute 
solutions,  the  cyanide  of  nickel  separates  only  after  some  time.  It  is 
very  sparingly  soluble  in  an  excess  of  the  precipitating  acids  in  the 
cold,  but  more  readily  on  boiling.  If  the  solution  of  the  double  cyanide 
is  rendered  alkaline  by  solution  of  soda,  being  also  kept  so  by  a  further 
addition  of  soda  if  necessary,  and  chlorine  gas  is  passed  into  it  without 
warming,  or  if  bromine  is  added,  the  whole  of  the  nickel  gradually 
separates  as  black  hydrate  of  sesquioxide. 

12.  On  adding  to  solutions  which  are  not  too  dilute,  and  which  have 
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been  rendered  alkaline  by  ammonia,  a  solution  of  sulpbocarbonate  of 
been  remieieci  i  .      ^       i^j  is  obtained,  winch  is  barely 

tCSent  :J7ve^^^^-^o.t  blacAy  reflected  light.  If  the  solution 
tianslucent,  ana  addition  of  the  reagent  will  produce  a 

teSSf;^l  A'  D.  Braun).  .  The  production  of  this  colour  xn 
i,,-«;.i-,r  rlflntft  solutions  is  characteristic  ot  nicJcel. 
^'^  ll  clllon^e  of  baryta,  on  digestion  in  the  cold,  does  no 
precipitate  nickel  from  solutions  of  its  salts,  unless  sulphuric  acid  i^ 

^'"^Tf  Nitrite  of  potassa  with  acetic  acid  does  not  throw  down  the 
nickel'  even  from  concentrated  solutions.  In  the  presence  of  lime 
MxS,  or  strontia,  however,  a  yellow  crystalline  nitrite  of  protoxide  of 
nS  and  the  alkaline  earth  is  precipitated  if  the  solution  is  not  too. 
dnute  The  precipitate  is  sparingly  soluble  m  cold  water  or  dilute 
acetic  acid,  more  xeadily  in  hot  water  to  a  green  solution  (Kunzel, 

0.  L.  Erdmann).  ,  i     r      4-  -j^ 

15  Borax  and  microeosmic  salt  dissolve  compounds  of  protoxide 
of  nickel  in  the  outer  flame  to  clear  beads.  The  borax  bead  is  violet 
while  hot,  reddish-brown  when  cold;  the  microeosmic  bead  is  reddish  or 
brownish-red  while  hot,  yeUow  or  reddish-yellow  ^^l^e^i  cold.  In  the 
inner  flame,  the  microeosmic  bead  remains  unaltered,  but  the  borax  bead 
becomes  gray  and  cloudy  from  reduced  metal.  On  continued  beating 
the  particles  of  nickel  coUect  together  without  fusing,  and  the  bead 

loses  its  colour.  t  j. 

16  By  the  reduction  in  the  stick  of  charcoal,  according  to  p.  24, 
the  compounds  of  nickel  yield  after  trituration  white,  shunng  ductile 
spangles,  which  wiU  be  deposited  on  the  point  of  a  magnetic  knife  in 
the  form  of  a  brush.  With  nitric  acid,  they  give  a  green  solution,  which 
can  be  further  examined. 

§  109. 

d.  Cobaltous  Oxide  or  Protoxide  of  Cobalt,  OoO  [CoO]. 

1.  Metallic  cobalt  in  the  fused  state  is  steel-gray,  pretty  hard, 
maUeable,  difiicultly  fusible,  and  magnetic;  susceptible  of  poUsh ;  it 
does  not  oxidize  in  the  air  at  the  common  temperature,  but  it  oxidizes 
at  a  red  heat ;  with  acids  it  behaves  Hke  nickel.  The  solutions  contain 
protoxide  of  cobalt. 

2.  Protoxide  of  cobalt  is  light  brown,  its  hydrate  a  pale  red 
powder.  Both  dissolve  readily  in  hydrochloric,  nitric,  and  sulphuric 
acids.  Sesquioxide  of  cobalt,  Co,03  [CoAl,  is  black ;  it  dissolves  m 
hydrochloric  acid  to  protochloride,  with  evolution  of  chlorine. 

3.  The  salts  of  protoxide  of  cobalt  containing  water  of  crystal- 
lization are  red,  the  anhydrous  salts  mostly  blue.  The  moderately  con- 
centrated solutions  appear  of  a  light  red  colour,  which  they  retain  even 
though  considerably  diluted.  The  soluble  neutral  salts  redden  litmus 
slightly,  and  are  decomposed  at  a  red  heat ;  sulphate  of  protoxide  of 
cobalt  alone  can  bear  a  moderate  red  heat  without  suffering  decomposi- 
tion.   When  a  solution  of  chloride  of  cobalt  is  evaporated,  the  pale  red 

*  Prepared  by  taking  a  solution  of  hydrate  of  potassa  containing  about  5  per 
cent.,  saturating  one-half  with  sulphuretted  hydrogen,  adding  the  other  half  and 
then  of  volume  of  bisulphide  of  carbon,  digesting  at  a  gentle  heat,  and 
finally  separating  the  dark  orange-red  solution  from  the  undissolved  bisulphide  of 
carbon.   The  solution  must  be  kept  in  a  well-closed  bottle. 
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^^^l^^\f''''Sf  towards  the  end  of  the  operation  to  blue;  on  addm^ 
water  the  red  colour  is  restored.  ^ 

4.  Sulphuretted  hydrogen  does  not  precipitate  solutions  of  cobalt 
salts  of  strong  acids,  if  they  contain  free  acid ;  from  neutral  solutions 
n  ?ro  eJ^  precipitates  part  of  the  cobalt  as  black  sulphide  of  cobalt 
i^oto  H-ob].    Acetate  of  protoxide  of  cobalt  is  not  precipitated,  or  only 
to  a  very  slight  extent,  in  presence  of  free  acetic  acid,  but  in  the 
absence  of  fi'ee  acid  it  is  precipitated  completely,  or  ahnost  completely 
It  the  solution  contain  enough  of  an  acetate  of  an  alkali,  sulphuretted 
hydrogen  will  precipitate  the  whole  of  the  cobalt  from  the  hot  solution 
even  ^vhen  excess  of  acetic  acid  is  present,  ' 

5.  Sulphide  of  ammonium  precipitates  from  neutral,  and  sul- 
phuretted hydrogen  from  alkaline  solutions,  the  whole  of  the  metal  as 
black  hydrated  sulphide  of  cobalt,  CoS  [CoS].  Chloride  of  ammo- 
nium promotes  the  precipitation  most  materially.  Sulphide  of  cobalt 
IS  uasoluble  m  alkalies  and  sulphide  of  ammonium,  almost  insoluble  in 
acetic  acid,  very  sparingly  soluble  in  hydrochloric  acid,  and  if  precipi- 
tated from  hot  solutions  almost  insoluble  in  the  latter.  Nitric  acid  or 
nitro-hydrochloric  acid,  however,  readily  dissolves  it  on  appHcation  of 

6.  Potassa  and  soda  produce  blue  precipitates  ofbasicsalts  of 
cobalt,  which,  if  the  solutions  are  sufficiently  dilute,  are  insoluble  in 
excess  of  the  precipitants ;  the  precipitate  on  exposure  to  the  air 
absorbs  oxygen  and  turns  dii  ty  green ;  this  subsequently  passes  to  a 
grayish-yeUow,  and  on  boHing  is  converted  into  the  pale  red  hydrate 
of  protoxide  of  cobalt,  which  contains  alkali,  and  generally  appears 
rather  discoloured  from  sesquioxide  formed  in  the  process.  If  alcohol 
is  added  before  boiling,  the  precipitate  is  rapidly  converted  into  the  dark- 
brown  hydrate  of  the  sesquioxide.  If  sufficient  chloride  of  ammonium 
is  present,  caustic  alkalies  do  not  produce  a  precipitate.  Neutral 
carbonate  of  ammonia  dissolves  the  washed  precipitates  of  basic  salt  or 
hydrated  protoxide  completely  to  an  intensely  violet-red  solution,  in 
which  a  somewhat  larger  proportion  of  potassa  or  soda  produces  a  blue 
precipitate,  the  liquid  still  retaining  its  violet  colour. 

If  a  very  concentrated  solution  of  potassa  in  excess  is  added  to  a 
solution  of  a  salt  of  cobalt,  or  if  hydrated  oxide  of  cobalt  is  heated 
with  a  very  little  water  and  some  soHd  potash,  the  whole  of  the  cobalt 
dissolves  to  a  blue  liquid  containing  cobaltate  of  potassa. 

7.  Ammonia  produces  the  same  precipitate  as  potassa,  but  it  redis- 
solves  in  excess  of  ammonia  to  a  reddish  solution,  which  turns  brownish- 
red  on  exposure  to  the  air;  the  addition  of  potassa  or  soda  to  this 
throws  down  a  portion  of  the  cobalt  as  blue  basic  salt.  Ammonia  pro- 
duces no  precipitate  in  solutions  containing  ammonia  salts  or  a  free  acid. 

8.  If  potassa  or  soda  is  added  to  a  solution  of  a  cobalt  salt  and  then 
bromine  water,  a  solution  of  "  chloride  of  soda  "  or  iodine,  and  the 
mixture  is  boiled,  the  whole  of  the  cobalt  is  precipitated  as  the  brownish- 
black  hydrated  peroxide  of  cobalt,  provided  the  solution  is  suf- 
ficiently dilute.  This  precipitate  is  insoluble  in  a  mixture  of  ammonia 
with  chloride  of  ammonium  solution,  and  in  cyanide  of  potassium.  If, 
however,  a  large  quantity  of  hydrated  peroxide  of  nickel  is  present,  the 
cobalt  oxide  dissolves  in  cyanide  of  potassium  along  with  the  nickel  oxide. 

N.B.  The  presence  of  non-volatile  organic  acids  or  sugnr  interferes 
with  or  prevents  the  precipitation  of  cobalt  as  oxide  or  peroxide. 
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9  Ferrocyanide  of  potassium  throws  down  green  ferrocyanide 
of  cobalt  Co  Cfy  [Co,Fe(CN)„],  insoluble  in  hydrochloric  acid. 

10  Perricyanide  of  potassium  throws  down  browmsh-red  ferri- 
oyanide  of  cobalt,  Co3Gfdy  [Co,Fe,(CN),,],  insoluble  in  hydrochloric 

''^^^  If  bitartrate  of  potassa  or  chloride  of  ammonium  is  added  to  a  solu- 
tion of  a  cobalt  salt,  then  excess  of  ammonia,  and  lastly  ferricyanide  of 
■Dotassium  to  the  clear  strongly  ammoniacal  solution  thus  formed,  a  deep 
vellowish-red  hquid  is  obtained  if  it  is  concentrated,  but  rose-red' when 
Very  dilute  (Skey,  Gintl).  This  is  a  very  delicate  reaction,  adapted 
for  the  detection  of  cobalt  in  the  presence  of  nickel.  _ 

11.  The  addition  of  cyanide  of  potassium  to  a  cobalt  solution 
ffives  a  brownish- white  precipitate  of  protocyanide  of  cobalt,  CoCy 
lCo(CN)..],  which  dissolves  readily  in  excess  of  the  precipitant  as  the 
double  cyanide  of  cobalt  and  potassium.  Acids  precipitate  cyanide  of 
cobalt  from  this  solution  ;  but  if  it  is  previously  boiled  with  cyanide  of 
potassium  in  excess,  in  presence  of  free  hydrocyanic  acid  (liberated  by 
adding  one  or  two  drops  of  hydrochloric  acid),  or  if  the  solution  is 

.  mixed  with  potassa  or  soda  and  chlorine  is  passed  through  it  without 
warming,  or  bromine  water  added,  the  double  cyanide  is  converted  into 
cobalticyanide  of  potassium,  KJJoJJy^^KJJcdj  [K,Co„(CN)i,], 
and  acids  will  no  longer  produce  a  precipitate  (essential  difference 
iaetween  cobalt  and  nickel).  Mtrite  of  potassa  and  acetic  acid  added 
to  the  unaltered  solution  of  the  double  cyanide  produces  a  blood-red 
colour  in  consequence  of  the  formation  of  nitrocyanide  of  cobalt  and 
potassium ;  when  the  solution  is  very  dilute,  the  colour  is  orange-red. 
Solution  of  soda  added  to  the  double  cyanide  produces  a  brown  colour 
when  the  liquid  is  shaken  up,  oxygen  being  absorbed  (C.  D.  Braun)  : 
if  yellow  sulphide  of  ammonium  is  added,  it  turns  blood-red  (Tattersall 
^nd  Papasogli.    These  reactions  distinguish  cobalt  from  nickel). 

12.  Sulpliocarbonate  of  potassa,  added  to  solutions  which  have 
been  rendered  alkaline  by  ammonia,  produces  a  dark-brown  colour, 
almost  black ;  very  dilute  solutions  become  pale  straw  colour. 

13.  Carbonate  of  baryta  behaves  in  the  same  way  as  with  solu- 
tions of  nickel. 

14.  If  nitrite  of  potassa  is  added,  in  not  too  small  proportion,  to 
a  solution  containing  protoxide  of  cobalt,  then  acetic  acid  to  strongly 
acid  reaction,  and  the  mixture  allowed  to  remain  in  a  moderately  warm 
place,  all  the  cobalt  separates  in  the  form  of  a  beautiful  yellow  crystal- 
line precipitate,  from  concentrated  solutions  very  soon,  from  dilute  solu- 
tions only  after  sometime  (Fischer,  Stromeyer).  Stromeyer  con- 
siders this  precipitate  to  be  a  nitrite  of  sesquioxide  of  cobalt 
and  potassa,  Cop^.SKO.GNOg.SHO  [K,Co,(NO,),,,3Hp].  The  pre- 
<;ipitate  is  very  perceptibly  soluble  in  water,  almost  insoluble  in  concen- 
trated solutions  of  potassa  salts  and  in  alcohol,  insoluble  in  presence  of 
nitrite  of  potassa.  When  boiled  with  water,  it  dissolves,  although  not 
<;opiously,  forming  a  red  solution,  which  remains  clear  on  cooling,  and 
from  which  alkalies  throw  down  hydrate  of  protoxide  of  cobalt.  This 
excellent  reaction  serves  well  to  distinguish  and  separate  cobalt  from 
nickel. 

15.  Borax  dissolves  compounds  of  cobalt  in  the  inner  and  outer 
.flame  to  clear  beads  of  a  magnificent  blue  colour,  which  appear  violet 
■by  candle  light,  and  are  almost  black  in  the  presence  of  a  large  quantity 
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of  cobalt.  This  test  is  as  delicate  as  it  is  characterLstic.  Microcosmic 
salt  gives  the  same  reaction,  but  it  is  less  delicate. 

16.  In  the  reduction  with  the  stick  of  charcoal,  as  described 
p.  24,  compounds  of  cobalt  behave  in  the  same  way  as  compounds  of 
nickel.    The  solution  with  nitric  acid  is  red. 


§  110. 

c.  Ferrous  Oxide  or  Protoxide  of  Iron,  FeO  [FeO]. 

1.  Metallic  iron  in  the  pure  state  is  of  a  light  whitish-gray  colour 
(iron  containing  carbon  is  more  or  less  gray) ;  the  metal  is  hard,, 
lustrous,  malleable,  ductile,  exceedingly  difficult  to  fuse,  and  is  attracted 
by  the  magnet.  In  contact  with  air  and  moisture,  a  coating  of  rust 
(hydrated  ferric  oxide)  forms  on  its  surface  :  and  when  ignited  in  th© 
air  a  coating  of  black  protosesquioxide.  Hydrochloric  acid  and  dilute 
sulphuric  acid  dissolve  iron  with  evolution  of  hydrogen;  if  the  ii'on 
contains  carbide,  the  hydrogen  is  mixed  with  carbide  of  hydrogen. 
The  solutions  contain  protoxide.  Dilute  nitric  acid  dissolves  iron  in 
the  cold  to  nitrate  of  protoxide,  without  evolution  of  gas  (nitrate  of 
ammonia  being  formed),  or  with  evolution  of  nitrous  oxide ;  at  a  higher 
temperature  nitrate  of  the  sesquioxide  is  formed,  with  evolution  of  nitric 
oxide ;  if  the  iron  contains  carbide,  some  carbonic  acid  is  also  evolved,, 
and  a  brown  substance  is  left  undissolved  which  resembles  humus, 
and  is  soluble  in  alkalies;  when  graphite  is  present,  it  also  is  left 
undissolved. 

2.  Protoxide  of  iron  is  black;  its  hydrate  is  white,  and  in  the- 
moist  state  absorbs  oxygen  and  speedily  acquires  a  grayish-green,  and 
ultimately  a  brownish-red  colour.  Both  the  protoxide  and  its  hydrate 
are  readily  dissolved  by  hydrochloric,  sulphuric,  and  nitric  acids. 

3.  The  salts  of  protoxide  of  iron  or  ferrous  salts  in  the 
anhydrous  state  have  a  white,  in  the  hydrated  state  a  greenish  colour ; 
their  solutions  only  look  greenish  when  concentrated.  The  latter 
absorb  oxygen  when  exposed  to  the  air,  and  are  converted  into  salts- 
of  the  protosesquioxide,  with  precipitation  of  basic  ferric  salts.  At 
the  boiling  temperature  chlorine  or  nitric  acid  converts  them  into 
ferric  salts.  With  respect  to  the  transitory  brownish-black  coloration 
produced  during  the  oxidation  by  nitric  acid,  see  §  159,  6.  The  soluble 
neutral  salts  if  quite  pure  and  free  from  sesquioxide  do  not  redden 
litmus-paper.  The  salts  which  ferrous  oxide  forms  with  volatile  acids- 
are  decomposed  at  a  red  heat. 

4.  Solutions  of  ferrous  salts  made  acid  by  strong  acids  are  not 
precipitated  by  sulphuretted  hydrogen ;  moreover,  neutral  solutions 
or  solutions  acidified  with  weak  acids  are  not  precipitated  by  this 
reagent,  or  at  the  most  but  very  incompletely  with  black  coloration. 
Their  hot  solutions  mixed  with  acetate  of  soda  and  some  free  acetic 
acid  are  also  but  imperfectly  precipitated. 

5.  Sulphide  of  ammonium  precipitates  from  neutral,  and  sul- 
phuretted hydrogen  from  alkaline  solutions,  the  whole  of  the  metal  as 
black  hydrated  ferrous  sulphide,  FeS  [FeS],  which  is  insoluble  in 
alkalies  and  sulphides  of  the  alkali  metals,  but  dissolves  readily  in 
hydrochloric  or  nitric  acid :  this  black  precipitate  oxidizes  and  turns 
reddish-brown  on  exposure  to  the  air.  Sulphide  of  ammonium  imparts 
a  green  colour  to  highly  dilute  solutions,  and  it  is  only  after  some  time 
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that  the  protosulphide  of  ii-on  separates  as  a  \MoVvveci^te.  Chloride 
If  ammoLm  promotes  the  precipitation  most  mate™^^^^^^ 

acids  su^ar,  &c.,  clieck  the  precipitation  by  alkalies  _ 

of  f  errocyanide  of  potassium  andiron,  KFe3Cfy,  [K  Fe3(FeO«iN  y, 
which,  on  exposure  to  the  air,  absorbs  oxygen  and  speedily  acquires  a 
blue  colour.  Nitric  acid  or  chlorine  converts  it  immediately  into 
Prussian  blue,  ^^^^^^^^^  ^      ^  ^^^^  ^  j,,Cl  +  2Fe,Cfy3 

r3K  Fe  (FeC  N  .),+4CU  =  6KCI  +  FeCl,+2Fe4(FeC6N5)3]. 

8  PerricVanide  of  potassium  produces  a  splendid  blue  precipitate 

•  of  ferrfcyankW  i/on,  Fe3Cfdy  [Fe^lFe^C^.N,,)].  This  precipitate 
does  not  di^er  in  colour  from  Prussian  blue.    It  is  -sd-^le  in  hydro 

•  chloric  acid,  but  is  readily  decomposed  by  potassa.  ^|S^1^  ^^^^ 
.solutions,  the  reagent  produces  merely  a  deep  ^l^fg^^f  ,9«l°^^5^°f J^^,,^ 

9  Sikphocyanate  of  potassium  does  not  alter  solutions  of  ferrous 

•  nxide  free  from  ferric  oxide.  „ 

10  Carbonate  of  baryta  does  not  precipitate  solutions  of  ferrous 
oxide  in  the  cold,  with  the  exception  of  the  sulphate     _  -^--^^ 

11  Borax  dissolves  protoxide  of  iron  compounds  m  the  oxidizmg 
flame,  giving  beads  varying  in  colour  from  yeUow  to  dark  red ;  when 
cold,  tlfe  beads  vary  from  colourless  to  dark  yellow  In  the  mner  flame, 
the  beads  change  to  bottle-green,  owing  to  the  reduction  of  the  newly- 
formed  sesquioxide  to  protosesquioxide  Microcosmic  salt  shows  a 
.similar  reaction  ;  the  beads  produced  with  this  reagent  lose  then^  colour 
on  cooling  still  more  completely  than  those  obtained  with  borax;  the  signs 
-of  reduction  in  the  reducing  flame  are  also  less  marked 

12  When  redviced  on  the  stick  of  charcoal  (p.  24),  compounds  ot 
protoxide  of  iron  give  a  dull  black  powder,  which  is  attracted  by  a 
magnetised  knife.  The  reduced  metal,  when  dissolved  m  a  few  drops  ot 
aqua  regia,  gives  a  yellow  solution  which  can  be  further  tested  accordmg 
ito  §  111. 

§  111. 

/.  Ferric  Oxide  or  Sesquioxide  of  Iron,  Pe,03  [Fe.O,]- 

1.  The  native  crystallized  ferric  oxide  is  steel-gray;  the  native  as 
■well  as  the  artificially  prepared  ferric  oxide  when  triturated  gives  a 
■brownish-red  powder ;  the  colour  of  hydrate  of  ferric  oxide  is  more 
inclined  to  reddish-brown.  Both  ferric  oxide  and  its  hydrate  dis- 
solve in  hydrochloric,  nitric,  and  sulphuric  acids;  the  hydrate  dis- 
solves readily  in  these  acids,  but  the  anhydrous  sesquioxide  dissolves 
with  greater  difficulty,  and  completely  only  after  long  heating  with 
the  acid.    Perrosof erric  oxide  or  protosesquioxide  of  iron, 

QUAL.  ^ 
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FeOjEe^Oj  [FCaO,],  is  black ;  it  dissolves  in  hydrochloric  acid  to  f erroiis 
and  ferric  chlorides,  in  aqua  regia  to  ferric  chloride. 

2.  The  neutral  anhydrous  salts  of  ferric  oxide  are  nearly  white  • 
the  basic  salts  are  yellow  or  reddish-brown.  The  colour  of  the  solutions 
is  brownish-yellow,  and  becomes  reddish-yellow  on  heating.  The  soluble 
neutral  salts  redden  litmus-paper,  and  the  salts  containing  volatile  acids 
are  decomposed  by  heat. 

3.  Sulphuretted  hydrogen  in  solutions  made  acid  by  the  stronger 
acids  produces  a  milky  white  turbidity,  due  to  separated  sulphur ; 
the  ferric  salt  being  at  the  same  time  converted  into  a  ferrous  salt  • 

FeP3,3S03  -I-  HS  =  2(FeOS03)  +  H0,S03  +  ^ 
[Fe,(SO,)3  +  H,S  =  2FeSO,  +  H.SO,  +  S]. 
If  solution  of  sulphuretted  hydrogen  is  rapidly  added  to  neutral  solu- 
tions, a  transient  blackening  of  the  liquid  also  occurs.  Sulphuretted 
hydrogen  throws  down  the  greater  part  of  the  iron  from  solutions  of 
neutral  acetate  of  ferric  oxide ;  but  in  the  presence  of  a  sufl&cient 
quantity  of  free  acetic  acid,  sulphiir  alone  separates.  When  sul- 
phuretted hydrogen  is  passed  into  a  solution  of  a  ferric  salt  mixed  with 
acetate  of  soda  and  acetic  acid,  scarcely  anything  but  sulphur  is  thrown 
down  in  the  cold,  but  on  warming  a  part  of  the  iron  is  precipitated. 

4.  Sulphide  of  ammonium  precipitates  from  neutral,  and  sul- 
phuretted hydrogen  from  alkaline  solutions,  the  whole  of  the  metal  as 
black  hydrated  ferrous  sulphide  or  protosulphide  of  iron, 
FeS  [FeS],  mixed  with  sulphur,  Fe^Cl,  +  SNH^S  =  2FeS  +  3NH  CI  +  S 
[Fe,Cl6+3(NHJ,S  =  2FeS  +  6NH,CI  +  S].  In  very  dilute  solutions,  the  re- 
agent produces  only  a  blackish-green  coloration.  The  minutely  divided 
ferrous  sulphide  subsides  in  such  cases  only  after  long  standing. 
Chloride  of  ammonium  most  materially  promotes  the  precipitation. 
Ferrous  sulphide,  as  already  stated  (§  110,  5),  is  insoluble  in  alkalies 
and  alkaline  sulphides,  but  dissolves  readily  in  hydrochloric  and  nitric 
acids. 

5.  Potassa,  soda  and  ammonia  produce  bulky  reddish-brown  pre- 
cipitates of  hydrated  ferric  oxide,  Fe203,2HO  [FejCOHy^  vrhich  are 
insoluble  in  an  excess  of  the  precipitant  as  well  as  in  salts  of  ammonia. 
Non-volatile  organic  acids  and  sugar,  when  present  in  suflB.cient 
quantity,  entirely  prevent  the  precipitation. 

6.  Ferrocyanide  of  potassium,  even  in  highly  dilute  solutions, 
produces  a  deep  blue  precipitate  of  ferric  ferrocyanide,  or  Prussian 
blue,  Fe^Cfyj  [Fe.lFeC^N^)^] : 

2Fe,Cl3  +  3K,Cfy  =  Fe.Cfyg  +  6KC1 
[2Fe,OI„  +  3K4FeC,N3  =  Fe,(FeCsN„),  +  12KCI]. 
This  precipitate  is  insoluble  in  hydrochloric  acid,  but  is  decomposed  by 
potassa  with  separation  of  hydrated  ferric  oxide. 

7.  Ferricyanide  of  potassium  deepens  the  colour  of  solutions  of 
ferric  salts  to  reddish-brown;  but  it  does  not  produce  a  precipitate. 

8.  Sulphoeyanate  of  potassium  imparts  a  most  intense  blood-red 
colour  to  acid  ferric  solutions;  this  is  due  to  the  formation  of  a 
soluble  sulphoeyanate  of  iron.  The  colour  does  not  disappear 
on  the  addition  of  a  little  alcohol  and  warming  (difference  from  the 
analogous  reaction  of  hyponiti-ic  acid,  §  ]  58).  Solutions  of  ferric  salts, 
containing  acetate  of  soda  (which  consequently  are  more  or  less  red 
from  ferric  acetate),  do  not  show  the  blood-red  colour  of  the  sulpho- 
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cyanate  until  after  the  addition  of  much  ^^y^^o^'^]fl^^^^^^ 
k  the  case  when  the  sohxtion  contains  oxahc  ^^^^^  .^J^Xto 

acid,  malic  acid,  iodic  acid,  phosphoric  acid,  arsenic  acid  oi  ^^XS 
acid     This  test  will  indicate  the  presence  of  iron  even  m  solutions 
wM^h  are  so  cSute  that  every  othex^reagent  fails  to  produce  in  them 
the  sli-htest  visible  alteration.     The  red  coloration  may  m  sucn 
^LVb^  detected  most  distinctly  by         ^g/^- ,"%rili^ 
sheet  of  white  paper,  and  looking  through  it  from  the  top  deli 
cacy  of  the  reaction  may  also  be  increased  by  shaking  g^f  ^  J^*^^^^^^^^ 
after  the  addition  of  hydrochloric  acid  and  excess  of  sulphocyanate  ot 
^oWumfoSn  freslJy  prepared  from  ^xe  crystals.  Th-^^^^^^^^ 
ate  of  iron  dissolves  in  the  ether,  and  the  layer  of  the  latter  acquires  a 

more  or  less  red  colour.  .  . ,  ,      n  ;^r.n 

9.  Carbonate  of  baryta  even  in  the  cold  precipitates  aU  the  iron 
as  hydrate  of  sesquioxide  mixed  with  a  basic  salt. 

10.  The  reactions  before  the  blowpipe  are  the  same  as  with  tne 
protoxide. 

^  §  112. 

Recapitulation  and  Remarks. 

On  observing  the  reactions  of  the  several  oxides  of  the  fourth  group 
with  solution  of  potassa  or  soda,  it  would  appear  that  the  separation  ot 
oxide  of  zinc,  which  is  soluble  in  an  excess  of  this  reagent,  i^^igl^t  be 
readUy  eflfected  by  its  means;  but  in  actual  experiment  we  hi^d  that 
rather  notable  quantities  of  oxide  of  zinc  are  thrown  _  down  with  the 
ferric  oxide,  oxide  of  cobalt,  &c.  To  such  an  extent  indeed  does  this 
take  place  that  it  is  often  impossible  to  detect  the  presence  of  oxide  ot 
zinc  in  the  alkaline  filtrate.  This  method  would  be  entirely  inadmis- 
sible in  the  presence  of  sesquioxide  of  chromium,  as  solutions  of  the 
latter  and  of  oxide  of  zinc  in  potassa  mutually  precipitate  each  other. 

Again,  the  reactions  of  the  different  oxides  with  chloride  of  ammo- 
nium and  an  excess  of  ammonia  would  lead  to  the  conclusion  that  the 
separation  of  sesquioxide  of  iron  from  the  protoxides  of  cobalt,  nickel, 
and  manganese,  and  from  oxide  of  zinc,  might  be  readily  effected  by 
these  agents.  But  this  method  also,  if  applied  to  the  mixed  oxides,  i& 
inaccurate,  since  larger  or  smaller  portions  of  the  other  oxides  will 
always  be  precipitated  along  with  the  ferric  oxide;  and  it  may  there- 
fore happen  that  small  quantities  of  cobalt,  manganese,  &c.,  altogether 
escape  detection  in  this  process. 

It  is  far  safer,  therefore,  to  separate  the  other  oxides  of  the  fourth 
group  from  ferric  oxide  by  carbonate  of  baryta,  as  in  that  case  the 
iron  is  precipitated  free  from  oxide  of  zinc  and  protoxide  of  man- 
ganese, and,  if  chloride  of  ammonium  is  added  previously  to  the  addition 
of  the  carbonate  of  baryta,  almost  entirely  free  also  from  protoxide 
of  nickel  and  protoxide  of  cobalt.  Instead  of  using  carbonate  of  baryta 
for  the  separation  of  ferric  oxide,  we  may  proceed  as  follows :  nearly 
neutralize  any  excess  of  acid  with  carbonate  of  soda,  add  acetate  of 
soda,  and  boil ;  or  mix  the  sufficiently  diluted  solution  with  a  rather 
large  quantity  of  chloride  of  ammonium,  cautiously  add  carbonate  of 
ammonia  until  the  fluid  commences  to  become  cloudy — the  reaction  still 
remaining  acid— and  then  boil.  In  each  of  the  last  two  methods,  the 
basic  ferric  salt  must  be  filtered  off  hot. 

Protoxide  of  manganese  may  conveniently  be  separated  from  the 
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protoxides  of  cobalt  and  nickel,  as  well  as  from  oxide  of  zinc,  by  treating 
the  washed  precipitated  sulphides  with  moderately  dilute  acetic  acid, 
which  dissolves  the  sulphide  of  manganese,  leaving  the  other  sulphides 
undissolved.  If  the  acetic  acid  solution  is  now  evaporated  and  mixed 
with  solution  of  potassa,  the  least  trace  of  a  precipitate  will  be  suflScient 
to  recognize  the  manganese  before  the  blowpipe  with  carbonate  of  soda. 
If  the  sulphides  left  undissolved  by  the  acetic  acid  are  washed  and 
treated  with  very  dilute  hydrochloric  acid,  the  sulphide  of  zinc  dissolves, 
leaving  almost  the  whole  of  the  sulphides  of  cobalt  and  nickel  behind. 
If  the  solution  is  then  boiled,  strongly  concentrated  to  expel  all  the 
sulphuretted  hydrogen,  and  afterwards  treated  with  solution  of  potassa 
or  soda  in  excess  without  warming,  the  zinc  is  sure  to  be  detected  in 
the  filtrate  by  sulphuretted  hydrogen. 

On  drying  the  filter  containing  the  sulphides  of  nickel  and  cobalt, 
incinerating  it  in  a  small  porcelain  dish,  and  testing  a  portion  of  the 
residue  with  borax  in  the  inner  blowpipe  flame,  the  cobalt  may  gene- 
rally be  detected  with  certainty  even  in  the  presence  of  nickel.  The 
detection  of  nickel  in  presence  of  cobalt  is  not  quite  so  simple  a  matter. 
It  is  best  done  by  warming  the  rest  of  the  residue  with  a  little  aqua 
regia,  diluting,  filtering,  evaporating  the  solution  to  a  small  bulk,  mix- 
ing with  a  sufficiency  of  nitrite  of  potassa,  adding  acetic  acid  to  strongly 
acid  reaction,  and  setting  aside  in  a  moderately  warm  place  for  at  least 
twelve  hours.  The  cobalt  then  separates  as  nitrite  of  sesquioxide  of 
cobalt  and  potassa ;  the  nickel  may  be  precipitated  from  the  filtrate  by 
solution  of  soda,  and,  to  prevent  mistakes,  tested  before  the  blowpipe, 
or  according  to  §  108,  11,  after  considerable  dilution.  For  the  detec- 
tion of  smaU  quantities  of  nickel  in  presence  of  large  quantities  of 
cobalt,  it  is  still  better  to  use  the  solution  of  the  cyanides  in  cyanide  of 
potassium  mixed  with  solution  of  soda.  In  this  solution,  the  presence 
of  cobalt  will  be  shown  by  a  dark  colour  on  exposure  to  the  an-,  the 
presence  of  nickel  by  the  separation  of  black  sesquioxide  on  treatment 
with  chlorine  (§  108,  11,  and  §  109,  11).  Nickel  may  also  be  detected 
in  the  presence  of  cobalt  by  the  brown  coloration  of  the  solution 
obtained  on  adding  chloride  of  ammonium,  ammonia,  and  sulphide  of 
ammonium,  and  filtering.  The  difierence  in  the  behaviour  of  the 
hvdrated  peroxides  with  cyanide  of  potassium  solution  and  with  chloride 
of  ammonium  and  ammonia  (§  108,  8,  and  §  109,  8)  is  adapted  rather 
for  distinguishing  between  nickel  and  cobalt  than  for  separating  them. 
A  careful  use  of  these  solvents,  however,  will  serve  to  obtain  from  the 
mixed  precipitates  a  solution  containing  a  portion  of  the  nickel  free 
from  cobalt ;  this  can  then  be  tested  more  readily  for  the  former. 

In  practical  analysis,  we  generally  separate  the  whole  of  the  oxides 
of  the  fourth  group  as  sulphides  by  precipitation  with  sulphide  of 
ammonium  It  is  therefore  in  most  cases  still  more  convenient  to 
separate  nickel  and  cobalt,  or  at  least  by  far  the  larger  portion  of  these 
two  metals,  at  the  outset.  For  this  purpose,  the  moist  precipitate  of  the 
sulphides  is  treated  with  water  and  some  hydrochloric  acid,  with  active 
stirring,  but  without  application  of  heat.  Nearly  the  whole  of  the 
sulphide  of  nickel  and  sulphide  of  cobalt  is  left  behind  undissolved 
whilst  all  the  other  sulphides  are  dissolved.  The  undissolved  residue  of 
sulphide  of  cobalt  and  sulphide  of  nickel  is  filtered  and  washed,  and 
treated  as  directed  above.  (If  it  still  contains  some  sulphide  of  iron  it 
must  be  treated  as  in  §  194,  147-)    By  boiling  the  filtrate  with  nitric 
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frnm  tlie  ferrous  state,  as  it  existed  in 
acid,  the  iron  is  converted  fiom  ^^^^  leiro  ,  ^^^^ 

the  solution  of  the  sulphide  to  t^e  feme  s^^^^^^^^  the  ix^on  may  be 
acid  has  been  nearly  neiitralized  b^^ 

thrown  down  as  basic  salt  eithex  l^^^'^^^^^^^^^^^^  remain  in 
by  acetate  of  soda        ^"^^^^S-  , methods:- 

hn\r — ^^^^^^^^  method 

*rpn  into  the  warmed  solution,  all  the  zinc  is  Dnrowu  uuw  _  , 
nHde  of  zinc  which  is  collected,  and  the  manganese  precipitated 
from  the  filSe  by  adding  ammonik  until  alkaline,  and  then  sulphide 
of  ammonium^^^  ^^^^^^^  ^^^^^^  ^^^^^^^  ^  ".^^fLtlfor 
may  be  present  by  sulphuric  acid,  concentrating,  and  adding  potassa  or 

3s  of  cobalt  and  nickel,  dissolved  on  the  first  t-atment  of 
the  precipitated  sulphides  with  dilute  hydrochloric  acid,  remain  with 
h  Sph^dfof  zin'c  in  the  separation  of  the  latter  by  .  or  6,  or  ^^th 
the  protoxide  of  manganese  if  the  separation  is  effected  by  c  ihe 
sXS  of  zi^c  may'be  extracted  from  the  blackish  precipitate  by 
dS  hydrochloric  acid,  and  the  detection  of  the  manganese  in 
prefence  of  the  cobalt  and  nickel  may  be  readHy  effected  by  means  of 
carbonate  of  soda  in  the  outer  flame.  ,^p+hnd 
In  the  presence  of  non-volatUe  organic  substances,  the  second  method 
must  be  employed-namely,  that  depending  on  the  prelmimary  pre- 
cipitation of  the  whole  of  the  metals  as  sulphides  since  such  organic 
substances  would  check  the  precipitation  of  the  ferric  oxide  by  car- 

bonate  of  baryta.  ,  .  r      i  ^j-i^ov. 

Ferrous  and  ferric  oxide  may  be  detected  m  presence  of  each  otJiei 
by  testing  for  the  former  with  f erricyanide  of  potassium,  for  the  latter 
with  ferrocyanide  or  sulphocyanate  of  potassium. 

Special  Reactions  of  the  rarer  Oxides  of  the  fourth 

group. 

§  113. 

a.  Oxides  of  Uranium. 

This  metal  is  found  in  a  few  minerals,  as  pitchblende,  uranium-ochre  &c 
The  sesqnioxide  of  the  metal  is  used  to  stain  glass  yell25^«V,fr«f  n-  V .^^^"^^^^ 
forms  two  oxides,  the  protoxide  named  uranous  oxide,  UO  UO.J,  and  the  oxide 
or  uranic  oxide.  UO3  [UO,].  The  protoxide  is  brown  or  black  ;  it  dis  olves  in 
nitric  acid  to  nitrate  of  the  oxide.  The  hydrate  of  the  oxide  is  yellow;  at 
about  300°,  it  loses  its  water  and  turns  red ;  it  is  converted  by  ignition  into 

*  Equiv.  118*8,  atomic  weight,  237"6. 
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the  dark  blackish-green  uranoso-uranic  oxide.  The  solutions  of  oxide  of  ura- 
nium in  acids  are  yellow.  Sulphuretted  hydrogen  does  not  alter  them  ■ 
the  addition  of  sulphide  of  ammonium,  after  the  free  acid  has  been 
neutralized,  throws  down  a  slowly  subsiding  precipitate,  which  is  readily 
soluble  in  acids,  even  acetic  acid ;  the  preciijitation  is  promoted  by  chloride 
of  ammonium.  The  precipitate,  when  formed  in  the  cold,  is  chocolate- 
brown,  and  contains  oxysulphide  of  uranium,  sulphide  of  ammonium,  and 
water.  It  is  insoluble  in  yellow  sulphide  of  ammonium ;  but,  whfin.  free 
from  other  sulphides,  it  dissolves  in  colourless  or  yellow  sulphide  of  ammo- 
nium containing  carbonate  of  ammonia,  yielding  a  black  solution.  By 
washing,  the  precipitate  is  gradually  converted  into  yellow  hydrated  uranic 
oxide.  On  warming  or  boiling  the  mixture  of  uranium  solution  and  sul- 
phide of  ammonium,  the  oxysulphide  at  first  thrown  down  splits  up  into 
sulphur  and  black  protoxide,  which  last  is  insoluble  in  the  excess  of  sul- 
phide of  ammonium  (Remele).  The  oxysulphide  of  uranium  (but  not  the 
precipitate  which  has  been  converted  into  protoxide  and  sulphur)  dissolves 
readily  in  carbonate  of  ammonia.  (This  reaction  may  be  used  as  a  means 
of  separating  uranium  from  zinc,  manganese,  iron,  &c.)  If  the  oxysulphide 
remains  long  in  cont£|.ct  with  excess  of  sulphide  of  ammonium  with  access 
of  air,  it  gradually  turns  blood-red,  hyposulphite  of  ammonia  being  formed ; 
if  air  is  excluded,  however,  the  product  is  black.  Ammonia,  potassa,  and 
soda  produce  yellow  precipitates  containing  uranic  oxide  and  alkali;  these 
are  insoluble  in  excess  of  the  precipitants.  Carbonate  of  ammonia  and 
bicarbonate  of  potassa  or  soda  produce  yellow  precipitates  of  carbonate 
of  oxide  of  uranium  and  alkali,  which  readily  redissolve  in  a,n  excess  of 
the  precipitants ;  potassa  and  soda  throw  down  from  such  solutions  the 
whole  of  the  oxide  of  uranium.  Carbonate  of  baryta  completel}'-  jDreci- 
pitates  solutions  of  oxide  of  uranium,  even  in  the  cold  (essential  difference 
from  nickel,  cobalt,  manganese,  and  zinc,  and  means  of  separating  uranium 
from  these  metals).  Ferrocyanide  of  potassium  produces  a  reddish- 
brown  precipitate  or  coloration  (a  most  delicate  test) .  Borax  and  micro- 
cosmic  salt  give  green  beads,  with  uranium  compounds  in  the  inner  tiame 
of  the  blowpipe,  in  the  outer  flame  yellow  beads  are  obtained,  which  acquire 
a  yellowish-green  tint  on  cooling. 

h.  Oxides  of  Thallium. 

Thallium  occurs,  but  invariably  in  extremely  minute  quantities,  in  many 
kinds  of  copper  and  iron  pyrites,  in  many  kinds  of  crude  sulphur,  and 
accumulated  in  the  flue-dust  of  the  lead  vitriol-chambers,  where  the  furnaces 
are  fed  with  thalliferous  pyrites.  It  is  occasionally  found  in  commercial 
sulphuric  and  hydrochloric  acids,  and  it  has  been  discovered  in  lepidolite, 
preparations  of  cadmium  and  bismuth,  in  ores  of  zinc,  mercury,  and  anti^ 
mony,  in  the  ashes  of  plants,  and  in  some  saline  waters.  Thallium  is  a 
metal  resembling  lead,  of  11-8-11-9  sp.  gr. ;  it  is  soft;  melts  at  285-290°,  is 
volatile  at  a  white  heat,  and  in  a  current  of  hydrogen  at  a  red  heat,  crackling 
like  tin  when  bent ;  it  does  not  decompose  water,  until  an  acid  is  added.  Dilute 
sulphuric  and  nitric  acids  readily  dissolve  it,  hydrochloric  acid  dissolves  it 
with  difficulty.  Thallium  forms  two  oxides,  thallious  oxide,  TIO  [TIO], 
andthallic  oxide,  TIO3  [TI^Oj].  Thallious  oxide  is  brown  and  fusiblej 
when  in  the  melted  state  it  attacks  glass  or  porcelain.  It  dissolves  in 
water;  the  solution  is  colourless,  alkaline,  caustic,  and  absorbs  carbonic 
acid;  it  is  also  soluble  in  alcohol.  The  thallic  oxide  is  insoluble  in  water 
and  dark  violet,  its  hydrate  is  brown.  Trioxide  of  thalUum  is  hardly  acted 
on  by  concentrated  sulphuric  acid  in  the  cold,  but  on  heating  they  combine ; 
on  continued  heating,  oxygen  escapes  and  sulphate  of  the  protoxide  is 
formed.  Treated  with  hydrochloric  acid,  the  trioxide  yields  the  correspond- 
ing chloride  as  a  white  crystalline  mass,  which  yields  chlorine  and  com- 
pounds of  thallious  and  thallic  chlorides  when  heated.  Thallic  salts  are 
decomposed  by  water  with  separation  of  hydrated  oxide,  alkalies  throw 
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u  ;i  *  P  trlnvldp  from  acid  solution,  sulphuretted  hydrogen 
down  hydrate  of  the  trio^^o  ™  IVrvration  of  sulphur,  iodide  of  potas- 
produces  salts  of  the  protoxide  ^".^^^'^P^jSori^add  p  nocllange. 
s^iurn  yields  thall^^^^^^^  ,eadily  solu&e 

soluble  il^^on.ie,o^^r.^^^^^  ^.^^  i^,  the 

^Evaporating  with  aqua  regia.  £mous  saUs  'cart  throw 
pitate  aqueous  'olnt^o^l  f  J^^^^^^^^  solutions 
down  carbonate  of  the  protoxide^^  but  only         T  \f  the  solutions  are  not 

folS'^f  a  wHte\Sr-^^^^^^     precipitate,  unalterable  on  exposux-e  to 
and  Iven  less  soluble  in  dUute  hydrochloric  acid  than  m  water.  Iodide 

KoSssiSS  precipitates  even  fror^  the  most  dHute  solutions  the  ight. 

y2w  ^r  trodTde  ^hich  is  almost  insoluble  i?,  ^^^^^  ^ ^^^^^^^ 

L  excess  of  solution  of  iodide  of  potassmm     ^hlor  de  of  platinum  ^^^^^^ 
cipitates  from  solutions  which  are  not  extremely  dilute  the  Pf/« 
pStinochloride,  TlCl,PtCl,  [TUPtda.which  is  very  ^P^^^f^y 
^huretted  hydrogen  does  not  precipitate  solutions  ^^^^^^^f '^^*/°XWs£ 
mineral  acidsfunless  arsenious  acid  or  antimony  is  present  when  a  b^^^^^^ 
red  precipitate  of  the  mixed  sulphides  is  formed  which  contains  the  ai seme 
or  aStSony  along  with  the  thallium.    Neutral  or  very  slightly  acid  solu- 
tions aS  incompletely  precipitated  by  this  reagent; 

Sons  the  whole  of  the  thallium  is  thrown  down  as  black  Pjotosulphide 
sSpli  de  of  ammonium  precipitates  the  whole  of  the  thalhum  as  black 
luXhTde,  which  readily  collects  into  lumps,  especially  on  warming  ;  sulphu- 
retted hVdrogen  added  to  alkahne  solutions  has  the  same  effect,    ihe  sul- 
iSde  thX^w/down  is  insoluble  in  ammonia,  alkaline  sulphides  or  cyanide 
rpotassTul;  it  oxidizes  rapidly  in  the  air  to  thalhous  sulphate  dW^^^ 
readny  in  dilute  hydrochloric,  sulphuric,  or  nitric  acid,  ^ut  is  acted  on  only 
with  difficulty  by  acetic  acid.    On  heating,  the  sulphide  first  fuses  and  then 
volatiW    Zinc  throws  down  the  metal  in  the  form  of  black  crystalline 
laminr  Colourless  flames  are  tinged  intensely  green  by  combmations 
of  thaUium.    The  spectrum  of  thallium  exhibits  only  one  ^^J^^^^^f"'''^ 
the  plate  of  spectra),  of  an  emerald  green  colour,  extremely  chaiacter- 
istic    If  the  quantity  of  metal  is  small,  the  line  fon  disappears,  ihe 
spectroscope  generally  affords    the  best  means  of  detecting  thallium 
thalliferous  pyrites  often  gives  the  green  line  at  once    If  you  want  to  look 
for  thallium  in  crude  sulphur,  it  is  best  to  remove  the  greater  part  ot  the 
sulphur  by  treatment  with  bisulphide  of  carbon,  and  then  to  test  the  lesidue 
In  the  presence  of  much  sodium,  with  very  small  quantities  of  thaiiium,  tne 
careen  line  wiU  not  be  seen,  unless  the  substance  is  moistened  and  the 
spectrum  examined  at  the  first  moment.    If  traces  of  thallium  plauno. 
chloride  are  present  along  with  much  potassium,  caesium,  and  rubimum 
platinochloride  in  the  precipitate  produced  by  platinum  chloride,  this  should 
be  boiled  repeatedly  with  water  and  the  small  quantity  of  residual  substance 
tested  spectroscopically  for  thallium.    For  the  detection  of  thallium  m  the 
wet  way,  iodide  of  potassium  is  the  most  delicate  reagent ;  it  iron  is  present, 
it  must  previously  be  reduced  by  sulphite  of  soda. 


c. 


Oxide  of  Indium. 


Indium  was  first  discovered  in  the  Freiberg  blende,  in  the  zinc  prepared 
from  it,  subsequently  in  other  zinc  blendes,  and  also  m  wolfram._  Lt  is  a 
white  highly  lustrous  metal,  and  resembles  platinum  in  colour;  ip  is  very 
.soft,  ductile,  makes  a  mark  on  paper,  is  capable  of  receiving  a  polish,  and 
is  only  slowly  oxidized  by  contact  with  air  or  water,  less  readily  than  zmc. 
Indium  melts  at  176°.   It  melts  on  charcoal  before  the  blowpipe  with  a. 
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easily  dispersed  by  the  blowpipe  flame,  indium  dissolves  ^n  dlteTdrn' 
chloric  or  sulphuric  acid  with  evolution  of  hydrogen  sTow^ in  the  c^^^^^^^ 
more  rapidly  on  heating;  with  cold  concentrated  su  phS  add  it  1^ 
d£''i^-;'°^'°-r^  ^''T''  ^^"^'^^^^'^         anh^Sr  ulphate  of  n! 

oSTe  'in  0  nn  r^'".'^^^^       ^^l''' ^^'^  ease.  The 

oxme,  In^Uj  [in  OJ,  is  reddish-brown  when  hot,  straw-coloured  when  rold  • 

ll  It  I  "^^'''"^1  fl-es;  when  ignit'ed  in  hydrogen  or  with  har-' 

Sined    S       -f  ^"''-^  ""'^^  ™^tallic  globules  are 

ODtamed.    The  ignited  oxide  dissolves  slowly  in  acids  in  the  cold  b,i+ 

;S  and^hT'^?'^^''  ''^'.Y  '^''^  ^^e  -^Phate 

nitrate,  and  chloride  are  readily  soluble  in  water.    The  chloride  is  volatile 

SZn^^T?*''  ^^^^W^?^*?  of  alumina;  tartaric  acid  prevents  the  pfe- 
or^  odX  Ji^  but  dissolves  in  potassa 

or  soda  forming  a hquid  which  soon  becomes  turbid.  On  boiling  the  solution 
or  on  adding  chloride  of  ammonium,  hydrated  oxide  of  indSm  separates' 

^  gelatinous  car Wtef  when 

h^T^lj  ^  down,  the  precipitate  dissolves  in  carbonate  of  ammonia 

but  not  m  carbonate  of  potassa  or  carbonate  of  soda;  if  the  soSn  fn 

™i  ?         ?  ^^''?^^  a  white  bulky  precipitate.  Alkaline 

oxalates  produce  a  crystalline  precipitate.  If  acetate  of  soda  is  added  to 
the  near  y  neutral  solution  of  the  sulphate,  and  it  is  then  boiled  a  basic 
.'oK''\^'"P?l^'^-.  digestion  ^with  carbonate  o?  ba^ytk  in  the 
?Tht  nffnvi?  '  'f''''^  '^^^^  of  basic  salt! 

iil  !i     J*  separatmg  indium  from  zinc,  manganese,  cobalt 

S  thei Ir^^^^  T^'-^  l^^'F^'T^'i^^  hydrogen  throws  down  the  whole 
f  inn  .1?  T  +V  w7  ^^'^P}'^^  f  Indium  from  a  neutral  or  acetic  acid  solu- 
tion even  when  the  latter  is  strongly  acidified  with  acetic  acid.  If  the  solution 
is  strongly  acidified  with  a  mineral  acid  and  moderately  concentrated,  it  is 
not  precipitated  but  yellow  sulphide  of  indium  is  thrown  down  if  the 
solution  IS  very  dilute.    Sulphuretted  hydrogen  with  alkahne  solutions,  and 

fwSw  ^  ^'  /'^"^T'^'^.^'S  solutions,  yield  a  white  precipitate 

(probab  y  hydrosulphide  of  mdium).    If  yellow  sulphide  of  indium  is  boiled 
with  yellow  sulphide  of  ammonium,  it  also  becomes  white  and  partially 
dissolves    On  coolmg,  sulphide  of  indium  (?)  separates  as  a  white  voluminous  ■ 
precipitate.    Perrocyanide  of  potassium  produces  a  white  precipitate 
±errieyanide  and  sulphocyanate  of  potassium  and  dichromate  of 
potassa  produce  no  precipitate,  but  ehromate  of  potassa  gives  a  yellow 
precipitate.    Zinc  precipitates  the  metal  in  the  form  of  white  shining 
Jaminae    Indium  compounds  produce  a  peculiar  bluish  violet  tinge  in  a 
colourless  flame.    The  spectrum  has  two  characteristic  blue  lines  fsee 
the  spectrum  table).    With  the  chloride,  the  lines,  especially  a,  appear 
brightest,_  but  they  are  very  transient.  For  obtaining  more  persistent  lines 
the  sulphide,  IS  the  most  suitable  compound.  ' 

d.  Oxide  of  Gallium. 

_  Hitherto  gallium  has  been  found  only  in  some  zinc  blendes,  and  only 
in  very  minute  quantity.  It  is  a  white  metal,  which,  when  fused,  is  silver- 
white;  on  solidifying  it  becomes  crystalline,  duller,  and  of  a  bluish  white;  it 
melts  at  30-16°.  Its  sp.  gr.  is  6-956,  it  is  hard,  not  very  ductile,  and  remains- 
unaltered  on  exposure  to  the  air  at  the  ordinary  temperature ;  it  is  only 
oxidized  slightly  when  heated  to  redness,  and  does  not  volatilize  at  that 
temperature.  Water,  even  when  boiling,  is  not  decomposed  by  gallium. 
Is^itric  acid  has  hardly  any  action  on  gaUium  in  the  cold,  but  on  warming,  it 
dissolves  with  evolution  of  red  fumes.  Hydrochloric  acid,  potassa,  and 
ammonia  readily  dissolve  galhum,  hydrogen  being  given  off.  Gallium  oxide,. 
CrajOg  [Ga203],  and  its  hydrate  are  white.  On  heating  the  oxide  to  redness  in 
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a  stream  of  hy^rossn  -t  sublime.  a„^^^ 

salt  is  p?ecipitaW^^ 

oiiduaWe  subcHoude  Iff  ^  I"     ''^  colourless  volatile  mass,  whieh  melts  at 

hyK^Lri^^^^^^^^  co^taing.g  acetate      -r^on^.  ^^^re^ 

acetic  acid  a  white  precipitate  of  ga  hum  V.l  W  s^phSe^^^^^^^^^ 

of  ammonium  throws  down  a  white  precipitate  of  pl^^"^.  ,^3^'^^^^ 
?uble  in  excess  of  the  precipitant;  the  Presence  of  tartaric  acid  preven^^^^^ 
precipitation.    Acetate  of  ammonia  precipitates  ^^^i^^^^f / f^^.h 
from  a  boiUng  solution  acidified  with  acetic  acid,  but  not  it  ^^^^ 
?fThe  acetate'is  added.    Terrocyanide        P°;-Xre  ™ce  oflron 
bluish  precipitate,  the  colour  of  which  is  probably  due  to  the  Fesence  o±  iron 
it  is  less  soluble  in  hydrochloric  acid  than  in  water.    This  is  a  delicate 
reaction    Gallium  compounds  exhibit  a  spectrum  having  two  violet  lines 
betw  eS  G  and  H.  which%an,  however  only  be  ^l^-ly/.^^.f  ^"^^^^^^^ 
spark  is  employed.    On  heating  a  galhum  compound  m  the  Bunsen  tiame, 
only  one  of  these  lines  is  visible,  and  that  but  indistinctly. 

e.  Oxides  of  Vanadium. 
Yanadium  occurs  in  the  form  of  vanadates,  and  occasionally  in  srnall 
qnantities  in  iron  and  copper  ores,  and  m  the  slags  obtamed  ±rom  ttem 
There  are  four  oxides  of  vanadium,  the  protoxide,  YO^  tVO],  the  sesqui 
oxide  YO,[VA],  the  dioxide,  YO 4  [VO,],  and  yanadic  acid,  YO5  [V,OJ. 
The  Protoxide  is  gray,  possesses  metallic  lustre,  is  insoluble  m  water  but 
soluble  in  dilute  adds,  with  evolution  of  hydrogen,  formmg  blue  solutions 
which  bleach  organic  colouring  matters.by  reducing  them.  The  sesquioxide 
is  black,  insoluble,  not  reduced  by  ignition  in  hydrogen ;  when  exposed  to 
the  air,  it  is  gradually  converted  into  the  dioxide :  acid  solutions  containing 
the  sesquioxfde  are  g^een.    The  dioxide  is  dark  blue,  acid  solutions  in  which 
it  is  present  are  pure  blue.  All  the  lower  o)ade_s  pass  into  vanadic  acid  when 
heated  with  nitric  acid  or  aqua  regia,or  by  fusion  with  nitrate  of  potassa  or 
on  igniting  them  in  oxygen  or  air.  Yanadic  acid  is  non-volatile  and  fusible 
sohdifying  to  a  crystalline  mass,  dark  red  to  orange-red  in  colour.  When 
heated  to  redness  in  a  current  of  hydrogen,  it  is  converted  into  the  sesqui- 
oxide.   Yanadic  acid  is  sparingly  soluble  in  water,  but  reddens  litmus- 
paper  strongly.    It  combines  with  acids  and  with  bases. 

a  Acid  solutions.— The  stronger  acids  dissolve  vanadic  acid  to  red  or 
yellow  solutions,  which  gradually  become  green  on  exposure  to  the  air  (by 
the  reducing  action  of  dust).  The  sulphuric  acid  solution  when  much 
diluted,  treated  with  zinc  and  warmed  gently,  first  passes  through  green  to 
blue  (reduction  to  dioxide),  then  through  greenish  blue  to  green  (reduction 
to  sesquioxide),  and  finally  from  violet  to  lavender  (reduction  to  protoxide) ; 
on  adding  ammonia  to  this  solution,  a  brown  precipitate  of  the  hydrate  ot 
the  protoxide  forms,  which  readily  absorbs  oxygen.  Sulphurous  acid,  sul- 
phuretted hydrogen  (with  separation  of  sulphur),  boiling  hydrochloric 
acid  oxalic  acid,  &c.,  also  reduce  the  solutions,  but  only  to  the  dioxide ; 
hence  the  colour  produced  is  only  blue.    Alkalies  produce  a  brown  pre- 
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■cipitate  soluble  in  excess  of  tlie  precipitant  to  a  yellowish-brown  solution. 
Sulphide  of  ammonium  produces  a  brown  precipitate  of  the  sulphide, 
which  _  dissolves  with  difficulty  in  excess  of  sulphide  of  ammonium  with  a 
brownish-red  colour  ;  acids  throw  down  the  brown  pentasulphide.  Ferro- 
cyanide  of  potassium  throws  down  a  green  flocrulent  precipitate  insoluble 
in  acids.  In  solutions  free  from  excess  of  acid,  tannic  acid  produces  a 
blueish-black  precipitate  after  some  time. 

/3.  Vanadates. — Vanadic  acid  forms  ortho-,  pyro-  and  meta-vanadates. 
The  vanadic  minerals  contain  mostly  orthovanadates.  The  soluble  ortho- 
salts,  when  their  solutions  are  kept,  are  converted  into  pyro-  and  meta- 
vanadates,  and  the  same  change  takes  place  on  treating  the  insoluble  salts 
■with  acids ;  the  pyrovanadates  of  the  alkalies  easily  change  into  meta- 
vanadates  even  on  passing  carbonic  acid  into  their  solutions.  Metavanadates 
of  the  alkalies  are  obtained  by  dissolving  vanadic  acid  in  potassa  or  soda 
solution,  also  when  vanadic  acid  is  fused  with  the  carbonates  or  nitrates  of 
the  alkalies.  The  solutions  are  colourless ;  if  solid  chloride  of  ammonium  is 
added  to  them,  the  whole  of  the  vanadic  acid  is  precipitated  as  colourless 
crystalline  metavanadate  of  ammonia,  which  is  insoluble  in  chloride  of  ammo- 
nium solution ;  when  heated  to  redness  in  an  atmosphere  of  oxj'gen,  it  leaves 
pure  vanadic  acid.  This  is  a  very  characteristic  reaction.  On  adding 
strong  acids  to  solutions  of  metavanadates  of  the  alkalies,  they  acquire  a 
red  tint,  but  become  colourless  again  after  a  time.  Chloride  of  barium, 
nitrate  of  silver,  and  acetate  of  lead  produce  yellow  precipitates  in 
solutions  of  the  metavanadates  of  the  alkalies  ;  these  become  colourless  on 
standing,  more  quickly  on  warming.  With  hydrochloride  of  aniline, 
metavanadates  of  the  alkalies  yield  aniline-black  and  the  chloride  correspond- 
ing with  vanadium  dioxide.  Both  sulphide  of  ammonium  and  a  solution 
of  tannic  acid  containing  acetic  acid  act  on  the  metavanadates  in  the  same 
way  as  they  do  on  the  solutions  of  vanadic  acid  mentionea  in  a. 

If  an  acidified  solution  of  a  metavanadate  of  an  alkali  is  shaken  with 
peroxide  of  hydrogen,  the  liquid  acquires  a  red  tint ;  if  ether  is  then 
added,  and  the  mixture  shaken,  the  solution  retains  its  colour,  the  ether 
remaining  colourless  (most  delicate  reaction)  (Werther).  Borax  dissolves 
vanadic  acid  in  the  inner  and  outer  flame  to  a  clear  bead ;  the  bead  produced 
in  the  outer  flame  is  colourless,  with  large  quantities  of  vanadic  acid, 
yellow ;  the  bead  produced  in  the  inner  flame  is  of  a  beautiful  green ;  with 
larger  quantities  of  vanadic  acid,  it  looks  brownish  whilst  hot,  and  only 
turns  green  on  cooling. 

§  114. 
Fifth  Group. 

More  common  oxides: — Oxide  of  Silver,  Mercurous  Oxide, 
Mercviric  Oxide,  Oxide  of  Lead,  Oxide  of  Bismuth,  Oxide 
of  Copper,  Oxide  of  Cadmium. 

Barer  oxides: — Oxides  of  Palladium,  Bhodium,  Osmium, 
Buthenium. 

Properties  of  the  group. — The  sulphides  corresponding  with  the 
oxides  of  this  group  are  insoluble  both  in  dilute  acids  and  in  alkaline 
sulphides.*  The  solutions  of  these  oxides  are  therefore  completely  pre- 
cipitated by  sulphuretted  hydrogen,  no  matter  whether  they  are  neutral, 
or  contain  free  acid  or  free  alkali.  The  fact  that  the  solutions  of  the 
oxides  of  the  fifth  group  are  precipitated  by  sulphuretted  hydrogen  in 
presence  of  a  free  strong  acid  distinguishes  them  from  the  oxides  of 
the  fourth  group  and  generally  from  the  oxides  of  all  the  preceding 
groups. 

*  Consult,  however,  the  paragraphs  on  oxide  of  copper  and  mercurous  and  mer- 
curic oxides,  as  the  latter  remark  applies  only  partially  to  them. 
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For  the  sake  of  greater  clearness  and  ^^Pli^J^;  "J^S' 
«f        crrnxm  into  two  classes,  and  clistmguisn, 
_  oxjdes  hydrochloric  acid,  viz.,  oxide  of 

*r~Tof  ;^?c^ilble  by  hydrochloric  acid  vi., 

iS'SS^Ji^a-it'^o^Lpd^ 

^^^s  it  efcting  its  perfect  separation  from  the  oxrdes  of  the  second 
division. 

Special  Reactions  of  the  more  common  Oxides  of  tlie 

fifth  group. 

First  Division  :  Oxides  which  are  precipitated  by 
Hydrochloric  Acid. 

§  115. 

a.  Oxide  of  Silver,  AgO  [Ag.O]. 

1.  Metallic  silver  is  white,  very  lustrous,  moderately  ha^^^^^ 
malleable  rather  difficultly  fusible.     It  is  not  oxidized  by  fusion  m  the 
Til     Nitkc^^^^^  dissolves  sHver  readHy  ;  the  metal  is  insoluble  m  ddute 
sidphuric  acid  and  in  hydrochloric  acid.  . ,  •      +  u„„^fVo-r 

2  Oxide  of  silver  is  a  grayish-brown  powder  ;  it  is  not  altogether 
insoluble  in  water,  and  dissolves  readUy  in  dilute  nitric  acid^    It  forms 
no  hydrate.    Both  the  oxide  and  the  peroxide  of  silver,  AgO,  [Ag.O.I, 
are  decomposed  by  heat  into  metallic  silver  and  oxygen 

3  The^alts  of  oxide  of  silver  are  non-volatde  and  cota- 
less  •  but  many  of  them  become  black  on  exposure  to  light.  iJie 
soluble  neutra  salts  do  not  alter  vegetable  colours,  and  are  decomposed 

at  ^^Sulphuretted  hydrogen  and  sulphide  of  ammonium  yield  a 
precipitateof  black  sulphide  of  silver,  AgS  [Ag,S],  which  is  insoluble 
in  dilute  acids,  alkalies,  alkahne  sulphides,  but  soluble  m  cyamde  of 
potassium.  Boihng  nitric  acid  decomposes  and  dissolves  this  precipitate 
readily,  with  separation  of  sulphur.  ■    j.r.    c  ^ 

5.  Potassa  and  soda  precipitate  oxide  of  silver  m  the  form  of 
a  grayish-brown  powder,  which  is  insoluble  in  an  excess  of  the  precipi- 
tants,  but  dissolves  readily  in  ammonia.  i 

6  Ammonia,  if  added  in  very  small  quantity  to  neutral  solutions, 
throws  down  the  oxide  as  a  brown  precipitate,  which  readily  redissolves 
in  an  excess  of  ammonia.    Acid  solutions  are  not  precipitated. 

7  Hydrochloric  acid  and  soluble  metallic  chlorides  produce  a 
white  curdy  precipitate  of  chloride  of  silver,  AgCl  [AgCl]  It  the 
solutions  are  very  dilute,  however,  there  is  merely  a  bluish-wlute  opales- 
cence at  first ;  but  on  long  standing  in  a  warm  place  the  cUoride  of  silver 
collects  at  the  bottom  of  the  vessel.  By  the  action  of  light,  the  white 
chloride  of  silver  loses  chlorine,  first  acquiring  a  violet  tint,  and  ulti- 
mately turning  black ;  it  is  insoluble  in  nitric  acid,  but  dissolves  readily 
in  ammonia  as  ammonio-chloride  of  silver,  from  which  double  compound 


MERCUEOUS  OXIDE. 


[§  116. 


the  chloride  of  silver  is  again  separated  by  acids.  Concentrated  hydro- 
chloric acid  and  concentrated  solutions  of  chlorides  of  the  alkali  metals, 
dissolve  chloride  of  silver  to  a  very  perceptible  extent,  more  particularly 
on  application  of  heat ;  but  the  dissolved  chloride  separates  again  on 
dilution.  When  strongly  heated,  chloride  of  silver  fuses  without  decom- 
position, and  on  cooling  forms  a  translucent  horny  mass. 

8.  If  compounds  of  silver  are  mixed  with  carbonate  of  soda  and 
exposed  on  a  charcoal  support  to  the  inner  flame  of  the  blowpipe, 
white  brilliant  malleable  metallic  globules  are  obtained,  with  or  without 
a  slight  dark  red  incrustation  of  the  charcoal.  The  metal  is  also  readily 
reduced  in  the  stick  of  charcoal  (p.  24). 


§  116. 

I.  Mercurous  Oxide  or  Suboxide  of  Mercury, 

Hg,0  [Hg,0]. 

1.  Metallic  mercury  is  a  grayish- white,  lustrous  liquid  at  ordi- 
nary temperatures;  it  solidifies  at  -  39°,  and  boHs  at  360°.  It  is 
insoluble  in  hydrochloric  acid ;  but  dissolves  in  cold  dilute  nitric  acid  to 
nitrate  of  mercurous  oxide,  in  concentrated  hot  nitric  acid  to  nitrate  of 
mercuric  oxide. 

2.  Mercurous  oxide  is  a  black  powder,  readily  soluble  in  nitric 
acid.  It  is  decomposed  by  the  action  of  heat,  the  mercury  volatilizing 
in  the  metallic  state.    It  forms  no  hydrate. 

_  3.  The  salts^  of  mercurous  oxide,  when  ignited,  volatilize  usually 
with  decomposition ;  mercurous  chloride  and  bromide,  however,  volatihze 
unaltered.  Most  of  the  salts  of  mercurous  oxide  are  colourless.  The 
soluble  salts  in  the  neutral  state  redden  litmus-paper.  On  addition  of 
much  water,  nitrate  of  mercurous  oxide  is  decom.posed  into  a  hght  yellow 
insoluble  basic  salt  and  a  soluble  acid  salt. 

4.  Sulphuretted  hydrogen  and  sulphide  of  ammonium  pro- 
duce black  precipitates,  which  are  insoluble  in  dilute  acids,  sulphide  of 
ammonium,  and  cyanide  of  potassium.  The  precipitates  consist,  not  of 
mercurous  sulphide,  but  of  mercuric  sulphide  mixed  with  mer- 
cury. Monosulphide  of  sodium,  in  presence  of  some  caustic  soda,, 
dissolves  this  precipitate  with  separation  of  metallic  mercury ;  bisul- 
phide of  sodium  dissolves  it  without  separation  of  metaUic  mercury; 
the  solutions  contain  sulphide  of  mercury  HgS  [HgS].  The  precipitate 
gives  up  mercury  to  boiling  concentrated  nitric  acid  with  formation  of 
a  white  double  compound,  namely,  2IIgS  +  HgO,N05  [2HgS,Hg(N03)J.. 
The  precipitate  is  readily  dissolved  by  aqua  regia. 

5.  Potassa,  soda,  and  ammonia  produce  black  precipitates,  which 
are  insoluble  in  an  excess  of  the  precipitants.  The  precipitates  produced 
by  the  fixed  alkalies  consist  of  mercurous  oxide,  whilst  those  pro- 
duced by  ammonia  consist  of  basic  salts  containing  ammonia  or 
amidogen. 

6.  Hydrochloric  acid  and  soluble  metallic  chlorides  precipitate 
mercurous  chloride,  Hg^Cl  [HgaCI],  as  a  fine  powder  of  dazzHng 
whiteness.  Cold  hydrochloric  acid  and  cold  nitric  acid  do  not  dissolve 
this  precipitate ;  it  dissolves,  however,  although  with  great  difficulty  and 
very  slowly,  on  long-continued  boiling  with  these  acids,  being  resolved 
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•       'A  ;r,+n  mfircuric  chloride,  and  metalUc  mercury 
by  hydrochlonc  ^'3"'e^^^^^    it  into  mercuric  chloride 

which  separates ;  ^l^^l^*/^'^"f/''^itXdrochloric  acid  and  chlorine 
.ndnitrate  of  mercun^^^^^^^^^^^  chS  readily,  converting  it  into 
water  dissolve  tne  meiouiuu  __i.„c.ca   decompose  mercurous 

xnercuric  chloride.  ^^^^^^^^^^STc^^^^^^  subamide  of 
chloride,  separating  from  it,  the  J  rHg^NH.CI]  the  latter 

mercury  with  mercurous  chloride,  Hg^NH^Hg.t-i  l  6^ 

'""g's'aZus  cMoride  produces  first  of  aU  a  white  precipitate  of 

9  If  an  intimate  mixture  of  an  anhydi-ous  compound  of  mercury 
w^th  drv  cS^nate  of  soda  is  introduced  into  a  glass  tube  sealed 
with  dry  f  .        1        of  carbonate  of  soda,  and  strongly 

krger  globules  by  rubbing  the  sublimate  with  a  glass  rod. 


§  117. 

c.  Oxide  of  Lead,  PbO  [PbO]. 


1  Metallic  lead  is  bluish-gray;  its  surface  recently  cu*  exhibits 
a  me  a  lie  lustre;  it  is  soft,  maUeable,  readUy  fusible,  and  volatile  at  a 
tSte  heat.  loused  upon  charcoal  before  the  blowpipe  it  forms  a  coat- 
^g  of  yellow  oxide  on  the  support.  Hydrochloric  acid  and  moderately 
SLentrated  sulphuric  acid  act  on  it  but  little,  even  with  the  aid  of 
S;  dilute  nitric  acid,  however,  dissolves  it  readily,  more  particularly 

°''^2''oSde  of  lead  is  a  yellow  or  reddish-yellow  powder,  which 
appears  brownish-red  whilst  hot;  it  is  fusible  at  a  red  heat.  Hy^^^ed 
oxide  of  lead  is  white.  Both  the  oxide  and  its  hydrate  dissolve  readily 
in  nitric  and  acetic  acids.  The  peroxide  of  lead  I'bO  [PbOJ  ib 
brown,  and  on  ignition  is  converted  into  the  oxide.  It  is  not  dissolved 
by  heating  with  nitric  acid  alone,  but  dissolves  readily  if  some  sugar  or 
spirit  of  wine  is  added.  The  solution  contains  nitrate  of  oxide  of  lead. 
Minium,  2PbO,Pb03  [Pb30J,  which  is  red,  may  be  regarded  as  a  com- 
pound of  lead  oxide  with  peroxide  of  lead.  When  treated  with  nitric 
acid,  oxide  of  lead  is  dissolved  and  lead  peroxide  is  left. 

3  The  salts  of  oxide  of  lead  are  not  volatile,  and  mostly 
colourless  •  the  neutral  soluble  salts  redden  litmus-paper,  and  are  decom- 
posed at  a  red  heat.  Only  a  few  of  the  insoluble  lead  salts— carbonate 
of  oxide  of  lead,  for  example— are  decomposed  by  ignition.    If  chloride 
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of  lead  is  ignited  in  the  air,  part  of  it  volatilizes,  and  leaves  behind 
oxychloride  of  lead. 

4.  Sulphuretted  hydrogen  and  sulphide  of  ammonium  produce 
black  precipitates  ot  sulphide  of  lead,  PbS  [PbS],  which  are  in- 
soluble in  cold  dilute  acids,  in  alkalies,  alkaline  sulphides,  and  cyanide 
of  potassium.  Sulphide  of  lead  is  decomposed  by  hot  nitric  acid.  If  the 
acid  IS  dilute,  the  whole  of  the  lead  is  obtained  in  solution  as  nitrate  of 
oxide  of  lead  and  sulphur  separates-if  fuming  acid  is  used,  the  sulphur 
IS  also  completely  oxidized,  and  insoluble  sulphate  of  lead  alone  is 
obtained;— if  the  acid  was  of  medium  concentration,  both  reactions 
take  place,  a  portion  of  the  lead  being  obtained  in  solution  as  nitrate  of 
lead,  whilst  the  remainder  separates  as  sulphate  of  lead,  together  with 
the  unoxidized  sulphur.  In  solutions  of  salts  of  lead  containing  a  large- 
excess  of  a  concentrated  mineral  acid,  sulphuretted  hydrogen  produces  a 
precipitate  only  after  the  addition  of  water  or  after  partial  neutraliza- 
tion of  the  free  acid  by  an  alkali.  If  a  solution  of  lead  is  precipitated 
by  sulphuretted  hydrogen  in  presence  of  a  large  quantity  of  free  hydro- 
chloric acid,  a  red  precipitate  is  occasionally  formed,  consisting  of 
chloride  and  sulphide  of  lead,  which  is,  however,  converted  by  an  excess- 
ot  sulphuretted  hydrogen  into  black  sulphide  of  lead. 

5.  Potassa,  soda,  and  ammonia  throw  down  basic  salts  in  the 
form  of  white  precipitates,  which  are  insoluble  in  ammonia  but  soluble- 
m  potassa  and  soda.  In  solutions  of  acetate  of  lead,  ammonia  (free 
from  carbonic  acid)  does  not  immediately  produce  a  precipitate,  owing 
to  the  formation  of  a  soluble  di-  or  triacetate  of  lead. 

6.  Carbonate  of  soda  in  the  cold  throws  down  neutral  carbonate^ 
and  m  a  hot  solution  a  more  or  less  basic  carbonate  of  lead  as  a 
white  precipitate,  which  is  not  quite  insoluble  in  a  large  excess  of  the  pre- 
cipitant, especially  on  heating,  but  is  insoluble  in  cyanide  of  potassium. 

7.  Hydrochloric  acid  and  soluble  chlorides  produce  in  concen- 
trated solutions  a  heavy  white  precipitate  of  chloride  of  lead,  PbCl 
[PbCI,],  which  is  soluble  in  a  large  amount  of  water,  especially  on  heat- 
ing :  ammonia  converts  this  into  basic  chloride  of  lead,  PbCl,3PbO  +  4II0, 
[PbCl2,3PbO,4H,0],  which  is  also  a  white  powder,  but  almost  absolutely 
insoluble  in  water.  Chloride  of  lead  is  more  sparingly  soluble  in  dilute 
nitric  or  hydrochloric  acid  than  in  water. 

8.  Sulphuric  acid  and  sulphates  produce  a  white  precipitate  of 
sulphate  oi  lead,  PbO,S03[PbSO,],  which  is  nearly  insoluble  in  water- 
and  dilute  acids.    From  dilute  solutions,  especially  from  such  as  contain 
much  free  acid,  the  sulphate  of  lead  precipitates  only  after  some  time,, 
frequently  only  after  a  long  time.    It  is  advisable  to  add  a  considerable 
excess  of  dilute  sulphuric  acid,  as  this  tends  to  increase  the  delicacy  of 
the  reaction,  sulphate  of  lead  being  more  insoluble  in  dilute  sulphuric 
acid  than  in  water.    The  separation  of  small  quantities  of  sulphate  of 
lead  is  best  effected  by  evaporating,  after  the  addition  of  the  sulphuric 
acid,  as  far  as  practicable  on  the  water-bath,  and  then  treating  the 
residue  with  water;  or,  if  allowable,  with  spirit.    Sulphate  of  lead  is 
slightly  soluble  in  concentrated  nitric  acid ;  it  dissolves  with  difficulty 
in  boiling  concentrated  hydrochloric  acid,  but  more  readily  in  solution 
of  potassa.    It  dissolves  also  pretty  readily  in  the  solutions  of  some  of 
the  salts  of  ammonia,  particularly  in  solution  of  acetate  of  ammonia ; 
dilute  sulphuric  acid  precipitates  it  again  from  these  solutions. 

9.  Chromate  of  potassa  produces  a  yellow  precipitate  of  chro- 
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nvxte  of  lead,  TW,GrO,  [PbCrOJ,  which  is  readily  soluble  in  potassa, 

but  only  sparingly  ,vith  carbonate  of  soda  is  ex- 

10.  If  a  mixture  of  a  ^^^^^/^''^fiP^;^'^;^^^   flame  of  tHe  blowpipe, 

posed  on  a  clmrcoa  support  to^^^^^^^  readily  obtained,  the 

soft  malleable  ?^^*^^ll^^,^^V^;,\',,e  time  with  a  yellow  incrustation 

:nxt"rt  '^^'^^  " 

means  of  the  stick  of  charcoaL  according  to  p.  25  is  black 

11.  The  nietalhc  mcrustation^^^^^^^^^^ 

§  118. 

Recapitulation  and  Remarks. 

The  metallic  oxides  of  the  fix;st  ^^^^^  f  ''^'^l^.^^ZZ 

leaa  aissoiveb,  w  chlorides  are  then  treated  with 

rride'rof—  into  th^^^^'f  te' 
insoluble  in  an  excess  of  ammonia,  described  in  §  116,  5,  whilst  the 
ride  of  silver  dissolves  -^^^^^^^^^^^^^ 

=  ;rnt  tt,  tr^^^^^^^^^  greater  W  the^ 
ammonrby  heat.)  Lead  is  readily  detected  m  an  aqueous  solution  of 
chloride  of  lead,  by  means  of  sulphuric  acid. 

Second  Division  :  Oxides  which  are  not  precipitated  by 
Hydrochloric  Acid. 

§  119- 

a.  Mercuric  Oxide  or  Oxide  of  Mercury,  HgO  [HgO]. 

1  Mercuric  oxide  is  iisnaUy  crystalline,  and  of  a  ^r^ht  red- 
colour,  which  changes  to  a  dull  yellowish  red  when  it  is  reduced  to 
powder  :  the  oxide  precipitated  from  solutions  of  the  nitrate  or  chloride 
is  a  yeUow  powder.  It  is  not  quite  insoluble  m  water,  it  turns  gray 
when  exposed  to  light,  and  it  transiently  acquires  a  deeper  tint  on  heat- 
ing •  at  a  dull  red  heat,  it  is  resolved  into  metallic  mercury  and  oxygen. 
B?th  the  crystalline  and  non-crystallme  oxide  dissolve  readily  m  hydro- 

chloric  acid  and  in  nitric  acid.  _ 

2  When  ignited,  thesaltsofmercuricoxide  volatilize  with  de- 
composition ;  mercuric  chloride,  bromide,  and  iodide  volatilize  unaltered. 
On  boiling  a  solution  of  the  chloride,  some  of  the  salt  escapes  with  the 

*  For  the  detection  of  small  quantities  of  mercury  see  note  to  §  123,  and  of 
very  small  quantities  of  silver  in  presence  of  much  lead,  see  Krutwig,  Zeit.  anal.. 
Chem.  22,  428. 
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^hT\  u^^  saj^^s very  poisonous  and  most  of  them  are  colourless 
Ihe  soluble  neutral  salts  redden  litmus-paper.    The  nitrate  and  sulphate 
are  decomposed  by  a  large  quantity  of  water  into  soluble  acid  and 
insoluble  basic  salts. 

3.  The  addition  of  a  very  small  quantity  of  sulphuretted  hydrogen 
•or  sulphide  of  ammonium  produces,  after  shaking,  a  perfectly  white 
precipitate  ;  a  somewhat  larger  quantity  of  the  reagent  causes  the  pre- 
cipitate to  acquire  a  yellow,  orange,  or  brownLsh-red  colour ;  whilst  an 
excess  produces  a  black  precipitate  of  mercuric  sulphide,  HgS  [HgS] 
Ihis  progressive  variation  of  colour  from  white  to  black,  which  depends 
on  the  proportion  of  the  sulphuretted  hydrogen  or  sulphide  of  ammonium 
added,_  distinguishes  mercuric  oxide  from  all  other  bases.  The  white 
precipitate  which  forms  at  first  consists  of  a  double  compound  of  mer- 
curic sulphide  with  the  still  undecomposed  portion  of  the  salt  of 

of  mercuric  chloride,  for  instance, 
2HgS-l-  HgCl  [2HgS,HgCIJ;    the  graduaUy  increasing  admixture  of 
black  sulphide  causes  the  precipitate  to  pass  through  the  several  gra- 
dations of  colour  above  mentioned.    Sulphide  of  ammonium  dissolves 
the  merest  trace  of  mercuric  sulphide ;  least  of  all  when  the  precipitate 
is  digested  with  hot  yeHow  sulphide  of  ammonium.     Potassa  and 
cyanide  of  potassium  do  not  dissolve  mercui^c  sulphide,  and  it  is 
-entirely  insoluble  in  nitric  acid,  even  on  boiling.    By  the  very  pro- 
tracted action  of  hot  concentrated  nitric  acid  the  precipitate  is  converted 
into  a  white  compound,  consisting  of  2HgS  +  H:gO,N'05  L2HgS,Hg(N0,)J 
Hot  concentrated  hydrochloric  acid  dissolves  it  comnaratively  easily 
but  It  is  less  soluble  in  the  cold  acid ;  if  dilute,  the  acid  dissolves  it  to 
some  extent  when  boiling  but  scarcely  at  all  in  the  cold.    Sulphide  of 
potassium  and  sulphide  of  sodium  in  the  presence  of  potash  or  soda 
dissolve  the  precipitate  completely,  but  it  is  insoluble  in  hydrosulphide 
■of  potassium,  and  in  hydrosulphide  of  sodium.    Aqua  regia  decom- 
poses the  precipitate  and  dissolves  it  with  ease.    In  solutions  of  mer- 
curic oxide  containing  a  large  excess  of  concentrated  mineral  acid,  sul- 
phuretted hydrogen  produces  a  precipitate  only  after  the  solution  has 
been  diluted  with  water. 

_  4.  Potassa  or  soda  added  in  small  quantity  to  neutral  or  slightly 
acid  solutions  produces  a  reddish-brown  precipitate,  which  becomes 
yellow  when  the  reagent  is  in  excess ;  the  reddish-brown  precipitate  is  a 
basic  salt;  the  yellow  precipitate  consists  of  mercuric  oxide.  It 
is  not  soluble  in  an  excess  of  the  precipitant.  In  very  acid  solutions 
this  reaction  does  not  take  place  at  all,  or  at  least  the  precipitation  is 
very  incomplete.  In  presence  of  salts  of  ammonia,  potassa  produces  white 
precipitates.  The  precipitate  thrown  down  by  potassa  from  a  solution  of 
mercuric  chloride  containing  an  excess  of  chloride  of  ammonium  is  an- 
alogous in  composition  to  the  precipitate  produced  by  ammonia  (see  5). 

5.  Ammonia  produces  white  precipitates  quite  analogous  to  those 
produced  by  potassa  in  presence  of  chloride  of  ammonium ;  thus,  for 
instance,  ammonia  precipitates  from  solutions  of  mercuric  chloride 
NHgHg^Cl  [NHjHgCI],  the  so-called  "  infusible  white  precipitate,"  which 
may  be  regarded  as  a  chloride  of  dimercur-ammonium,  or  as 
mercurammonic  chloride,  or  as  mercury  amidochloride.  If  the  solution 
■contains  much  free  acid,  ammonia  produces  no  precipitate.  The  white 
precipitate  is  insoluble  in  ammonia,  but  easily  soluble  in  hydro- 
chloric acid. 
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G  Stannous  chloride  added  in  small  quantity  to  solution  of  mer^ 
curio  chloX^-  to  solutions  of  salts  of  —c  ox.de  m  presence  of 

On  Lfdfug  t  ?at-  q-kity  of  the  reagent,  the  precipitated  chlonde  .s 
reduced  to  metal,^^^^^^^^^^^^ 

and  the  Precipitate,  which  was  white  at  first,  now  acquires  a  gray  tmt, 
and  m  W^er  subsided,  be  readily  united  into  g  obules  of  me- 

un^^L^ry  by  boiling  with  hydrochloric  acid  and  a  httle  stannous 

Y  K  a  little  galvanic  element,  made  out  of  a  slip  of  plaWm  f oil 
and  a  slip  of  tinfoil,  joined  at  one  end  with  a  wooden  c  amp  and  else- 
There  apax?  from  eLch  other,  be  introduced  into  a  solution  of  mercunc 
We  aerified  with  hydrochloric  acid,  all  the  mercury  will  gradually  be 
TecipSed,  by  preference  upon  the  platinum.  On  drying  the  plati- 
Soil,  roiling  it  up  and  heating  it  strongly  in  a  g  ass  tube,  globules 
of  mercury  wiU  be  obtained,  which  may  be  more  distmctly  seen  under 
the  microscope.  On  heating  this  mercury  with  a  fragme^  of  iodine,  it 
wiU  be  converted  into  red  iodide  of  mercury  (Yan  den  Broek*). 

8  Several  other  methods  may  be  employed  for  the  separation  ot 
trace's  of  mercury  from  its  acid  solution  by  precipitation  on  metals 
(gold,  platinum,  copper,  zinc).    One  of  the  most  convenient  of  these 
furb?ingers';t  is  to  render  the  solution  ^^^'-^fy^^^^^^o^Z 
chloric   siflphuric,  or  acetic  acid,  and  warm  it  to  60   to  80  ,  trom 
0-25  to  0-5  gram  of  unravelled  brass  wool  or  Dutch  metal  (Teubner  J) 
is  first  roUed  up  into  a  ball  and  then  teased  out  and  put  into  the  solu- 
tion with  which  it  is  left  in  contact  with  constant  shaking  for  from 
five  to  ten  minutes.    The  metal,  which  is  now  amalgamated,  is  washed 
Tvdth  water  (and  if  organic  matters  are  present  it  is  also  washed  with 
alcohol  and  ether)  and  dried  between  filter-paper  ;  it  is  then  rolled 
into  a  cylindrical  shape  and  placed  in  a  piece  of  hard  glass  tube  one 
end  of  which  is  drawn  out  into  a  capillary  tube,  the  other  end  of  the 
tube  is  then  also  drawn  out  into  a  capUlary  tube  close  to  the  metallic 
plug,  and  the  amalgamated  metal  is  heated  by  slowly  and  regularly 
turning  the  tube  round  over  a  steady  gas  flame,  until  it  approaches  a 
low  red  heat.    The  mercury  coUects  in  both  the  capillary  tubes  in  the 
form  of  rings.    Zinc  also  often  forms  similar  rings,  but  m  this  case 
they  are  always  situated  nearer  to  the  heated  metal  than  the  mercury 
ring     If,  after  cooling  the  tube,  a  small  crystal  of  iodine  be  placed 
near  the  mercury  ring  and  gently  warmed,  the  mercury  is  converted 
into  a  red  incrustation  of  mercuric  iodide,  or  if  there  is  deficiency  of 
iodine  vapour,  a  crust  of  yellow  mercurous  iodide  is  formed. 

9  The  salts  of  mercuric  oxide  show  the  same  reaction  as  tbe  salts  ot 

mercurous  oxide  with  metallic  copper,  or  when  heated  with  carbonate 

of  soda  in  a  glass  tube. 

§  120. 

b.  Oxide  of  Copper  or  Cupric  Oxide,  CuO  [CuO]» 

1.  Metallic  copper  has  a  peculiar  red  colour,  and  a  brilliant 
lustre;  it  is  moderately  hard,  malleable,  rather  difficultly  fusible ;  in 

*  Zeit.  anal.  Chem.,  1,  512.  +  lUd.,  17,  526,  t  Ibid.,  19,  199. 

<JUAL.  ^ 
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contact  witli  water  and  air,  it  becomes  covered  with  a  green  crust  of 
basic  carbonate  of  oxide  of  copper ;  and  when  ignited  in  the  air  it  be- 
comes coated  over  with  suboxide  and  oxide.  In  hydrochloric  acid  and 
dilute  sulphuric  acid,  it  is  insoluble  or  nearly  so,  even  on  boiling. 
Nitric  acid  dissolves  the  metal  readily.  Concentrated  sulphuric  acid 
converts  it  into  sulphate  of  oxide  of  copper,  with  evolution  of  sulphurous 
acid. 

2.  Cuprous  oxide  or  suboxide  of  copper,  Cu^O  [Ou^O],  is 
red,  its  hydrate  is  yellow ;  both  change  to  oxide  when  ignited  in  the  air. 
On  treating  the  suboxide  with  dilute  sulphuric  acid,  metallic  copper 
separates,  whilst  sulphate  of  oxide  of  copper  dissolves ;  on  treating 
suboxide  of  copper  with  hydrochloric  acid,  white  cuprous  chloride  is 
formed,  which  dissolves  in  an  excess  of  the  acid,  but  is  reprecipitated 
on  adding  water. 

3.  Oxide  of  copper  is  a  black  powder,  which  is  not  decomposed 
at  a  red  heat ;  at  a  very  high  temperature,  however,  it  loses  oxygen  and 
is  converted  into  suboxide;  its  hydrate,  CuO,HO  [CuH^O^], is  light  blue. 
Both  oxide  of  copper  and  its  hydrate  dissolve  readily  in  hydrochloric, 
sulphuric,  and  nitric  acids. 

4.  Most  of  the  neutral  salts  of  oxide  of  copper  are  soluble  in 
water ;  the  soluble  salts  redden  litmus,  and  those  containing  volatile- 
acids  suffer  decomposition  when  heated  to  low  redness,  with  the  excep- 
tion of  the  sulphate,  which  can  bear  a  somewhat  higher  temperature.. 
They  are  usually  white  in  the  anhydrous  state  ;  but  the  hydrated  salts, 
are  generally  blue  or  green,  and  their  solutions  exhibit  the  same  colour, 
even  when  considerably  diluted. 

5.  Siilphuretted.  hydrogen  and  sxilphide  of  ammonium  pro- 
duce in  alkaline,  neutral,  and  acid  solutions  brownish-black  precipitates 
of  sulphide  of  copper,  CuS  [CuS].*  This  sulphide  is  insoluble  in 
dilute  acids  and  in  caustic  alkalies.  Hot  solutions  of  sulphide  of  potas- 
sium and  sulphide  of  sodium  remove  sulphur  but  do  not  dissolve  it,  or 
only  to  a  very  trifling  extent ;  it  is  a  little  more  soluble  in  sulphide  of 
ammonium,  however,  especially  when  yellow  and  hot,  so  that  this  re- 
agent is  not  well  adapted  to  effect  the  perfect  separation  of  sulphide: 
of  copper  from  other  metallic  sulphides.  Sulphide  of  copper  is  readily 
decomposed  and  dissolved  by  boiling  nitric  acid,  but  it  remains  alto- 
gether unaffected  by  boiling  dilute  sulphuric  acid.  It  dissolves  com- 
pletely in  solution  of  cyanide  of  potassium,  if  freshly  precipitated.  If 
the  solutions  of  salts  of  copper  contain  a  very  large  excess  of  a  con- 
centrated mineral  acid,  sulphuretted  hydrogen  produces  a  precipitate 
only  after  the  addition  of  water. 

6.  Potassa  or  soda  produces  a  light-blue  bulky  precipitate  of 
hydrate  of  oxide  of  copper,  CuO,HO  [CuH^OJ.  If  the  solution 
is  highly  concentrated,  and  the  precipitant  is  added  in  excess,  the 
precipitate  turns  brownish-black  after  the  lapse  of  some  time,  and  loses 
its  bulkiness,  even  in  the  cold  ;  but  the  change  takes  place  immediately 
if  the  precipitate  is  boiled  with  the  liquid  in  which  it  is  suspended,  and 
which  must,  if  necessary,  be  diluted  for  the  purpose.  This  change  is 
brought  about  by  the  conversion  of  the  blue  hydrate  of  oxide  of  copper, 
into  another  hydrate  containing  less  water.  The  light-blue  hydi-ate  dis- 
solves in  a  large  excess  of  very  concentrated  potassa  or  soda,  forming 
a  blue  solution. 

*  According  to  J.  Thomsen  this  precipitate  is  Cu^Sj  +  S  [Cu^Sj  +  S]. 
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7  Carbonate  of  soda  produces  a  greenish-blue  precipitate  of 
hydrated  basic  carbonate  of  copper, 

^  CuO,CO,  +  0uO,I-IO  [CuCO„CuHA], 

which  on  boiling  loses  most  of  its  carbonic  acid,  and  changes  to  brpwmsh- 
Wack    ?t  c?Sves  in  ammonia  to  an  azure-blue,  and  in  cyanide  of  potas- 

"""s'l^Sarfn  small  quantity  to  solutions  of  neutral  salts 
nroduces  a  greenish-bkxe  precipitate,  consisting  of  a  basic  salt  ot 
Copper     This  precipitate  redissolves  readily  on  adding  more  am- 
monL  to  a  transpLent  magnificent  azure-blue  solution,  which  owes  its 
Slour  to  the  formation  of  a  basic  salt  of  ammonia  and  oxide 
Tf  copper.    Thus,  for  instance,  in  .^f f  ^^/^  ^t^^^^P^^^^^^ 
of  copper,  ammonia  produces  a  precipitate  of  NH3,Cu9  +  NH.O  SO 
r(NH)CuO,(NHJ„S04].    In  solutions  contammg  a  certain  amount  ot 
free  Icid,  ammonia  produces  no  precipitate,  but  this  azure-blue  coloration 
makes  its  appearance  as  soon  as  ever  the  ammonia  is  m  excess.  The 
blue  colour  ceases  to  be  perceptible  only  m  very  dilute  solutions. 
•When  hydrate  of  potassa  or  soda  is  added  to  such  blue  solutions,  after 
the  lapse  of  some  time,  in  the  cold,  a  precipitate  of  blue  hydrate  of 
oxide  of  copper  is  produced ;  but  on  boiling  the  solution  the  whole  of 
the  coppe/  is  precipitated  as  black  hydrated_  oxide.     Carbonate  of 
ammonia  exhibits  the  same  reactions  as  ammonia.  _ 

IST  B  In  the  presence  of  non-volatile  organic  acids,  the  salts  ot  copper 
are  not'  precipitated  by  caustic  or  carbonated  alkalies,  the  resulting 
solutions  having  a  deep  blue  colour.  In  presence  of  sugar  or  smiilar 
organic  substances,  caustic  alkalies  produce  precipitates  which  are 
soluble  in  excess  of  the  precipitants;  carbonate  of  soda,  however,  pro- 
duces a  permanent  precipitate.  _  1      ^  1      J-l  4- 

9  Perrocyanide  of  potassium  produces  m  moderately  dilute 
solutions  a  reddish-brown  precipitate  of  ferrocyanide  of  copper, 
CuCfy  [Cu.Fe(ON)e],  insoluble  in  dilute  acids,  but  decomposed  by 
potassa  or  soda.    In  very  dUute  solutions,  the  reagent  merely  produces 

a  reddish  coloration.  .     .    -,    -^i      i  i, 

10  If  the  solution  of  a  salt  of  oxide  of  copper  is  mixed  with  sulphu- 
rous acid  or  with  hydrochloric  acid  and  sulphite  of  soda,  and  sulpho- 
cyanate  of  potassium  is  then  added,  the  cuprous  sulphocyanate, 
Cu  OyS  [Cu^CONS)^,  is  thrown  down ;  the  precipitate  is  white,  and  is 
practically  insoluble  in  water  or  dHute  acids.  If  there  is  no  sulphurous 
acid  present,  black  cupric  sulphocyanate  wUl  be  precipitated. 

11  When  metallic  iron  is  brought  into  contact  with  concentrated 
solutions  of  salts  of  copper  it  is  almost  immediately  covered  with  a  red 
coating  of  metallic  copper;  in  very  dilute  solutions,  this  coating  is 
formed  only  after  some  time.    The  presence  of  a  httle  free  acid  accele- 
rates the  reaction.    Instead  of  iron,  a  small  voltaic  element  may  be 
used  consisting  of  a  strip  of  platinum  foil,  and  a  strip  of  clean  sheet 
zinc  or  tinfoil,  tied  together  at  one  end;  a  strip  of  cork  is  inserted 
between  the  two  metals,  and  is  fastened  by  tying  it  with  thread.  The 
plates,  which  should  be  nearly  parallel,  are  dipped  into  the  sUghtly 
acidified  copper  solution,  leaving  the  ends  where  they  are  bound  together 
out  of  the  liquid.    In  very  dilute  solutions  the  copper  is  precipitated 
after  the  lapse  of  twelve  hours,  chiefly  on  the  platinum,  which  is  coloured 
copper-red  to  black.    The  advantage  of  depositing  the  copper  on  the 
platinum  consists  in  being  able  to  readily  dissolve  it  oflf  with  nitric 
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acid.  The  solution  thus  obtained  can  then  be  tested  further ;  for  this 
purpose  it  is  evaporated  almost  to  dryness,  a  few  drops  of  water  are 
added,  and  then  a  drop  of  solution  of  ferrocyanide  of  potassium. 

12.  If  a  mixture  of  a  compound  of  copper  with  carbonate  of  soda 
is  exposed  on  a  charcoal  support  to  the  inner  jBLame  of  the  blowpipe, 
metallic  copper  is  obtained,  without  incrustation  of  the  charcoal. 
The  reduction  may  be  also  very  conveniently  effected  in  the  stick  of 
charcoal  (p.  24).  The  best  method  of  freeing  the  copper  from  the 
pai-ticles  of  charcoal  is  to  triturate  the  fused  mass  in  a  small  mortar 
with  water,  and  to  wash  off  the  charcoal  powder,  when  the  copper-red 
metallic  particles  will  be  left  behind. 

13.  If  copper,  or  some  alloy  containing  copper,  or  a  trace  of  a  salt  of 
copper,  or  even  simply  the  loop  of  a  platinum  wire  dipped  in  a  highly 
dilute  copper  solution,  is  introduced  into  the  fusing  zone  of  the  gas 
flame,  or  exposed  to  the  inner  blowpipe  flame,  the  upper  or  outer 
portion  of  the  flame  shows  a  magnificent  emerald-green  tint.  Addition 
of  hydrochloric  acid  to  the  sample  considerably  heightens  the  beauty  and 
delicacy  of  this  reaction.    The  flame  is  then  of  an  azure-blue  colour. 

14.  Borax  readily  dissolves  oxide  of  copper  in  the  outer  gas-  or 
blowpipe-flame.  The  beads  are  green  while  hot,  blue  when  cold.  In 
the  inner  flame,  the  bead  is  colourless  unless  a  very  large  quantity  of 
copper  is  present ;  when  cold  it  is  red  and  opaque.  In  the  lower  re- 
ducing zone  of  the  Bunsen  gas  flame,  the  bead  does  not  become  reddish- 
brown  until  the  addition  of  binoxide  of  tin,  when  this  change  rapidly 
takes  place,  owing  to  the  production  of  cuprous  oxide.  If  the  bead 
is  introduced  alternately  into  the  lower  oxidizing  zone  and  the  lower 
reducing  zone,  it  becomes  ruby  red  and  transparent. 

§121. 

c.  Oxide  of  Bismuth,  BiO,  [BiAl- 

1.  Bismuth  is  of  a  reddish- white  colour  and  moderate  metalKc 
lustre ;  it  is  of  medium  hardness,  brittle,  and  melts  at  264°;  it  does  not 
change  in  air  at  the  ordinary  temperature,  but  if  fused  upon  charcoal 
it  forms  an  incrustation  of  yellow  oxide.  It  dissolves  readily  in 
nitric  acid,  but  is  nearly  insoluble  in  hydrochloric  acid  and  altogether 
so  in  dUute  siilphuric  acid.  Concentrated  sulphuric  acid  converts  it 
into  sulphate  of  oxide  of  bismuth,  with  evolution  of  sulphurous 
acid. 

2.  Oxide  of  bismuth  is  a  yellow  powder,  which  transiently 
acquires  a  deeper  tint  when  heated.  It  fuses  at  a  red  heat.  Hydrate 
of  oxide  of  bismuth  is  white.  Both  the  oxide  and  its  hydrate  dissolve 
readily  in  hydrochloric,  sulphuric,  and  nitric  acids  :  fused  with  cyanide 
of  potassium,  they  yield  metalKc  bismuth .  The  grayish-black  suboxide 
of  bismuth,  BiO^  [BiO],  and  the  red  bismuthic  acid,  BiO^  [BLOJ, 
are  converted  into  teroxide  by  ignition  in  the  air.  By  heating  with 
nitric  acid,  they  are  converted- into  nitrate  of  oxide  of  bismuth. 

3.  The  salts  of  oxide  of  bismuth  are  not  volatile;  most  of 
them  are  decomposed  at  a  red  heat.  Chloride  of  bismuth  is  volatile. 
The  salts  of  oxide  of  bismuth  are  colourless  or  white ;  some  are  soluble 
in  water,  others  insoluble.  The  normal  soluble  salts  redden  litmus- 
paper  ;  they  are  decomposed  by  a  large  quantity  of  water  into  insoluble 
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L-c  .alts, which  — ,  whUe  the  g.^er.P^rt»n  of  the  =.id .emain. 
in  Bolutiontogether  with  some  teroxide^^^^^  ammonium  pro- 

boiling  nitvic  acid.    "'JXlS       "^^'  Jl  sulphuretted 

'^;i:::Tt:^:e::74^^^o:^^^^  ^^"^ ^^^^  ^'-'^^ 

™'f  PotassB  soda  and  ammonia  throw  down  hydrate  o£  oxide 
of  hismufh      a  white  predpitate.  which  is  insoluble  m  an  excess  of 

''^^"Sate  of  soda  and  carbonate  of  ^-^°|^,^5'S'o '"ala 
basic  carbonate  of  oxide  of  ^lll^'^^^^^'Jf^°^^^:, 

Srom'!;£iate'of  lead  in  being  4dUy  soluble  in  djute  nrtnc 

of  bismuth  and  oxide  of  lead).    After  loBg  sranamg  v  ^ 

-tt^-^-;^^^  of  — 
ticularlyis  the  decomposition  of  its  neutral  sal  s  ^7  ^^^^^^ 
attended  with  separation  of  insoluble  basic  salts.  .  ^^^^^^^^^^^^^ 
large  amount  of  water  to  solutions  of  salts  of  bismuth  causes  imme 
S   formation  of  a  dazzling  white  P-cipitate  pW^^^^^^^ 
too  much  free  acid  present.    THs  reaction  is  the  ^^f. 
chloride  of  bismuth,  as  the  basic  chloride  of  ^^^^^f ' 
[BiOCI],  is  almost  absolutely  insoluble  m  water.    Where  ^^^^  f 
precipitate  nitric  acid  solutions  of  bismuth,  owing  to  ^^^^^^^^^ 
much  free  acid,  a  precipitate  will  almost  invariably       ^^f  JCnTum 
on  adding  solution  of  chloride  of  sodium  or  chloride  of  ammo^^^^^^^ 
The  presence  of  tartaric  acid  does  not  interfere  with  this  piecipitation 

of  bismuth  solutions  by  water.  onlnfnnn  nf 

10.  On  mixing  a  solution  of  bismuth  with  an  excess  of  solution  ot 
stannous  chloride  in  potassa  or  soda,  a  black  precipitate  of  suboxide  f 
bismuth,  BiO,  [BiO],  is  formed.  This  is  a  very  characteristic  and  delicate 
reaction 


11.  If  a  mixture  of  a  bismuth  compound  with  carbonate  of  soda 
is  exposed  on  a  charcoal  support  to  the  reducing  flame,  brittle 
globules  of  bismuth  are  obtained,  which  fly  to  pieces  under  the 
stroke  of  a  hammer.  The  charcoal  becomes  covered  at  the  same  time 
with  a  slight  incrustation  of  oxide  of  bismuth,  which  is  orange- 
coloured  while  hot,  yellow  when  cold.    The  reduction  may  be  alsa 
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conveniently  affected  in  Llie  stick  of  charcoal  (p.  24).  On  ti-iturating 
the  end  of  the  charcoal  stick  containing  the  reduced  metal,  yellowish 
spangles  will  be  obtained." 

12.  The  metallic  incrustation,  obtained  according  to  p.  25,  is 
black  with  a  brown  edge.  The  incrustation  of  oxide  is  yellowish- 
white  ;  it  is  turned  black  by  stannous  chloride  and  soda,  see  10  (difference 
from  the  incrustation  of  oxide  of  lead).  The  incrustation  of  iodide 
is  bluish-brown  with  red  edge.  The  incrustation  of  sulphide  is 
umber-coloured  with  coffee-coloured  edge,  not  dissolved  by  sulphide  of 
ammonium  (Bunsen). 

13,  If  a  bismuth  compound  is  heated  before  the  blowpipe  on  char- 
coal with  a  mixture  of  equal  parts  of  iodide  of  potassium  and  sulphur 
(if  the  substance  already  contains  enough  sulphur  to  decompose  the 
iodide  of  potassium,  the  addition  of  sulphur  is  unnecessary)  a  very 
volatile  scarlet  incrustation  of  iodide  of  bismuth  is  formed.  Lead  com- 
pounds treated  in  the  same  way  give  a  deep  yellow  incrustation,  their 
presence  does  not  interfere  with  the  bismuth  reaction  (v.  Kobell). 
The  reaction  also  takes  place  when  the  mixture  is  heated  in  a  glass 
tube  sealed  at  one  end  (Cornwall). 

§  122. 

d.  Oxide  of  Cadmmm,  CdO  [CdO]. 

1.  Metallic  cadmium  has  a  tin- white  colour ;  it  is  lustrous,  not 
very  hard,  malleable;  it  melts  at  315-316°  and  boils  at  about  770°, 
so  that  it  may  easily  be  sublimed  in  a  glass  tube.  When  heated  on 
charcoal  before  the  blowpipe,  it  takes  fire  and  burns,  emitting  brown 
fumes  of  oxide  of  cadmium,  which  form  a  coating  on  the  charcoal. 
Hydrochloric  acid  and  dilute  sulphuric  acid  dissolve  it  with  evolution 
of  hydrogen ;  but  nitric  acid  dissolves  it  most  readily. 

2.  Oxide  of  cadmium  is  a  brown,  non-volatile  powder;  its 
hydrate  is  white.  Both  the  oxide  and  hydrate  dissolve  readily  in 
hydrochloric,  nitric,  and  sulphuric  acids. 

3.  The  salts  of  oxide  of  cadmium  are  colourless  or  white; 
some  of  them  are  soluble  in  water.  The  normal  soluble  salts  redden 
litmus-paper,  and  those  containing  volatile  acids  are  decomposed  at  a 
red  heat. 

4.  Sulphuretted  hydrogen  or  sulphide  of  ammonium  produces 
a  bright  yellow  precipitate  of  sulphide  of  cadmium,  CdS  [CdS], 
in  alkaline,  neutral,  and  acid  solutions ;  this  is  insoluble  in  dilute  acids, 
alkalies,  alkahne  sulphides,  and  cyanide  of  potassium  (difference  from 
copper).  It  is  readily  decomposed  and  dissolved  by  boiling  nitric  acid, 
as  well  as  by  boiHng  hydrochloric  acid  and  by  boiling  dilute  sidphuric 
acid  (difference  from  copper).  In  solutions  of  salts  of  cadmium  con- 
taining a  large  excess  of  acid,  sulphuretted  hydrogen  produces  a  pre- 
cipitate only  after  dilution  with  water. 

5.  Potassa  or  soda  produces  a  white  precipitate  of  hydrate  of 
oxide  of  cadmium,  CdO,HO  [CdH^],  which  is  insoluble  in  an 
excess  of  the  precipitant. 

6.  Ammonia  likewise  precipitates  white  hydrate  of  oxide  of 
cadmium,  which,  however,  redissolves  readily  and  completely  iu  excBSS 
of  the  precipitant  to  a  colourless  solution.    Tlie  ammoniacal  solution 
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u  ■^;r.rf  nv  when  largely  diluted  with  water,  or  if 
becoxnes  t-bxd  on  bo^ mg^  1,.^^,^,  produces  a  precipi- 

ammonium  salts  are  aDsOM.    i  ammoniaoal  solution, 

tate  of  hydrate  of  oxide  of  ''^'^^'Z-iln^eZTlmmoni^.  produces  a 
7.  Carbonate  of  soda       f'*,°"*jXm,  CdO.CO,  [CdCOJ, 
,vhite  pLcipitate       0-^°-, :  ,1  but  sliglrti;  soluble  in 

which  13  insoluble  .^^^f.^'f^^jinonia  impede  precipitation  in  the 
cai-bonate  of  ammonia.    Salts  ot  ;j    rpj^g  precipitate  is 

.old,  but  not  on  boiling ;        — ^  Ttatetme  tim^e  to  separate 

ise^pofed\Tfs:l:q^^^^^ 

becomes  covered  with  a  yellowish-brown  coating  0*0^^^^^  °'  subsequent 

"nr?h"i;  — tlln  obtained  — g  to  P- 25  is  Wack 
^th"a  brown  edge ;  the  incrustation  -^^3^^^  Set 
tWe^inrtlZf  rulp^l^is  letn"^;Slt!  not  dissolved  by 
•sulphide  of  ammonium  (Bunsen). 

§  123. 

Recapitulation  and  Remarks. 

The  perfect  separation  of  the  metaUic  oxides  of  the  second  ^vision 
,of  the  fifth  group  from  mercurous  oxide  and  o^de  «f  ^^^^^ 
already  stated,  be  effected  by  means  of  hydrochloric  ac  d ,  but  this 
agent  faUs  to  separate  them  completely  from  oxide  of  lead    Traces  ot 
the  salt  of  mercuric  oxide,  which  are  at  first  retained  by  the  p^ec^^ 
pitated  chloride  of  silver  by  surface  attraction,  are  dissolved  ^^^  c^ 
nletelv  by  wasHng  (G.  J.  Mulder).    The  mercuric  oxide  is  dis 
?^guLed  from  the  other  oxides  of  this  division  by  tbe  insd^^^^^^^ 
of  its  sulphide  in  boiling  nitric  acid;  this  affords  a  ^^^J^^n  to  f ree 
for  its  separation.    Great  care,  however,  must  always  be  ^ken  to  ^^^^^^^ 
the  sulphides  completely  by  washing  from  aU  traces  o^^^^^oc^^^ 
acid  or  any  chloride  which  may  happen  to  be  present,  PJ°^^^^^ 
iBg  to  boil  them  with  nitric  acid.    Moreover,  ^he  reactions  mth 
stannous  chloride  or  with  metalhc  copper,  as  well  as  those  m  the  dry 
way,  wiU,  after  the  previous  removal  of  the  suboxide  always  readily 
indicate  the  presence  of  oxide  of  mercury.    When  the  moist  way  is 
chosen,  the  sulphide  of  mercury  is  dissolved  most  conveniently  by 
heating  it  with  hydrochloric  acid  and  a  smaU  crystal  of  chlorate  ot 

oSde  of  lead  is  separated  from  the  other  oxides  by  means  of  sulphuric 
acid.  The  separation  is  the  most  complete  if  after  addition  ot  dilute 
sulphuric  acid  in  excess,  the  mixture  is  evaporated  on  the  water-bath, 
the  residue  diluted  with  water,  slightly  acidified  with  sulphuric  acid, 
and  the  undissolved  sulphate  of  lead  filtered  off  immediately,  ihe 
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sulphate  of  lead  may  be  further  examined  in  the  dry  way  by  the  reac- 
tion described  in  §  117,  10,  or  also  as  follows :— A  small  quantity  of  a 
solution  of  chromate  of  potassa  is  poured  over  a  small  portion  of  the 
sulphate  of  lead,  and  the  mixture  heated ;  tliis  will  convert  the  white 
precipitate  into  yellow  chromate  of  lead.  After  this  has  been  washed, 
a  little  solution  of  potassa  or  soda  is  added,  and  heat  Ls  applied ;  the 
precipitate  will  dissolve,  forming  a  clear  solution,  and  on  acidifying  this 
with  acetic  acid,  a  yellow  precipitate  of  chromate  of  lead  will  agam  be 
produced.  _  After  the  removal  of  the  oxides  of  mercury  and  lead,  the 
oxide  of  bismuth  may  be  separated  from  oxide  of  copper  and  oxide  of 
cadmium  by  adding  ammonia  in  excess,  as  the  two  oxides  last  mentioned 
are  soluble  in  an  excess  of  this  reagent.  If  the  precipitate,  after  being 
collected  on  a  filter,  is  dissolved  in  one  or  two  drops  of  hydrochloric  acid 
on  a  watchglass,  and  water  added,  the  appearance  of  a  milky  turbidity 
is  a  confirmation  of  the  presence  of  bismuth.  The  method  for  detecting 
bismuth  given  in  §  121,  10,  may  also  be  employed. 

The  presence  of  a  notable  quantity  of  oxide  of  copper  is  revealed  by 
the  blue  colour  of  the  ammoniacal  solution;  smaller  quantities  are 
detected  by  evaporating  the  ammoniacal  solution  nearly  to  dryness, 
adding  a  little  acetic  acid,  and  then  ferrocyanide  of  potassium.  The 
separation  of  oxide  of  copper  from  oxide  of  cadmium  may  be  effected 
by  evaporating  the  ammoniacal  solution  to  a  small  bulk,  acidifying  with 
hydrochloric  acid,  adding  a  little  sulphurous  acid  and  sulphocyanate  of 
potassium,  warming,  filtering  off  the  cuprous  sulphocyanide,  and  pre- 
cipitating the  cadmium  in  the  filtrate  by  sulphuretted  hydrogen  (an  un- 
necessarily large  excess  of  sulphurous  acid  must  of  course  be  avoided). 
The  separation  of  oxide  of  copper  from  oxide  of  cadmium  may  also  be 
efiected  by  acting  on  the  sulphides  with  cyanide  of  potassium  or  with 
boihng  dilute  sulphuric  acid  (5  parts  of  water  to  1  part  of  concentrated 
acid).  In  the  last  two  methods,  the  solution  containing  the  copper  and 
cadmium  is  precipitated  by  sulphuretted  hydrogen,  and  the  precipitate 
separated  by  decantation  or  filtration  and  washed.  If  the  precipitate 
is  now  treated  with  some  water  and  a  small  lump  of  cyanide  of  potassium, 
the  sulphide  of  copper  will  dissolve,  leaving  the  yellow  sulphide  of  cad- 
mium undissolved.  By  boiling  the  precipitate  of  the  mixed  sulphides, 
on  the  other  hand,  with  dilute  sulphuric  acid,  the  sulphide  of  copper 
remains  undissolved,  whilst  the  sulphide  of  cadmium  is  obtained  in 
solution ;  sulphuretted  hydrogen  will  now  throw  down  from  the  filtrate 
yellow  sulphide  of  cadmium  (A.  W.  Hofmann).* 

*  For  the  detection  of  very  minute  traces  of  mercury,  see  Mayengou  and 
Bergeret  (Pharm.  CentralhaUe,  1873,  317),  Merget  (Zeit.  anal.  Chem.,  14,  191), 
Teubner  (ibid.,  19,  198),  and  Biewend  (ibid.,  22,  89),  For  the  detection  of 
traces  of  copper,  see  Wildenstein  (ibid.,  2,  9),  Bellamy  (ibid.,  9,  382),  Schaer 
(ibid.,  9,  100),  Schonn  (ibid.,  9,  210),  Purgotti  (ibid.,  18,  476),  Endemann  and 
Prochazka  (ibid.,  21,  265),  and  for  its  detection  in  presence  of  organic  matters,, 
see  V.  (Detection  of  inorganic  poisons  in  food,  &c.)  in  the  Second  Section. 
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Special  Eeactions  of  the  rarer  Oxides  of  the  fifth  group. 

§124. 

a,  PaUadious  Oxide  or  Protoxide  of  Palladium,  PdO  [PdO]. 

Palladium  is  found  in  the  -exilic  ^^^^^^ 

L%trYSes  wit|  grit « 

WpSTA  dul  redness  in  the  air,  it  becomes  covered  with  a  blue  film,  but 
S  iecovers  its  licfht  and  metallic  lustre  when  more  strongly  heated 

it  is  spiingly  soluble  in  pure  nitric  acid,  but  dissolves  somewhat  mo  e 
readilySric  acid  containing  nitrous  acid ;  it  dissolves  very  sparingly  in 
SiSgSncentrated  sulphuric  Lid,  but  is  soluble  ^  ^-^-^^^^^^^^^^ 
potassa,  and  readily  soluble  m  nitrohydrochloric  acid  Th^^^^ 
oxides,  the  suboxide,  Pd,0  [Pd,0]  palladious  «^<i«' 

ladic  oxide  PdO,  [PdO.,].    Palladious  oxide  or  protoxide  ot  paiia- 
dtm'Sbl^SilsWdraiedark-^^^^^^ 

metalhc  palladium  by  intense  igmtion.    Oxide  of  P^^j^'^^^^^.^'.fS' 
when  heated  with  dilute  hydrochloric  acid  it  is  dissolved  a?  P^^to^^l^^^^^^^^^ 
with  evolution  of  chlorine.   The  salts  of  palladious  oxide  are  mostly 
Suble  in  water;  they  are  brown  or  reddish-brown ;  their  concentrated 
solutions   are  reddish-brown;  their  di  ute  solutions   yellow     ^jom  ^ 
solution  of  nitrate  of  protoxide  of  palladium  containmg  a  shght  excess 
of  acid,  water  precipitates  a  brown  basic  salt.    The  oxygen  salts  as 
well  as  the  protochloride.  are  decomposed  by  ignition,  leaving  ^^^^ 
palladium  behind.    Sulphuretted  hydrogen  and  sulphide  of 
nium  throw  down  from  acid  or  neutral  solutions  black  palladious  sulphide, 
which  does  not  dissolve  in  sulphide  of  ammonium,  but  is  soluble  m 
boihnff  hydrochloric  acid,  and  readily  soluble  m  mtrohydrochlonc  acid. 
From  the  solution  of  the  protochloride,  potassa  precipitates  a  brown  basic 
salt,  soluble  in  an  excess  of  the  precipitant;  ammonia,  the  flesh-coloured 
palladiochloride  of  ammonium,  soluble  in  excess  of  ammonia  (quickly  on 
heating,  slowly  in  the  cold)  to  a  colourless  liquid,  from  which  hydrochloric 
acid  throws  down   yellow,  crystalline   palladiochloride  of  ammonium, 
NPdH3,Cl  [(NH3)2PdCl2].    Cyanide  of  mercury  throws  down  yellowish- 
wHte  protocyanide  of  palladium  as  a  gelatiuous  precipitate,  slightly  soluble 
in  hydrochloric  acid,  readily  soluble  in  ammonia  (especially  characteristic). 
Stannous  chloride,  in  absence  of  free  hydrochloric  acid,  produces  a 
brownish-black  precipitate ;  if  free  hydrochloric  acid  is  present,  a  red  solu- 
tion is  obtained,  which  speedily  turns  brown  and  ultimately  green,  and  on 
addition  of  water  brownish-red.    Formate  of  soda  precipitates  all  the 
palladium  in  the  metallic  state  from  its  solutions,  if  heated  at  50  .  Iodide 
of  potassium  precipitates  black  protiodide  of  palladium  (very  character- 
istic).   Chloride  of  potassium  precipitates  from  highly  concentrated 
solutions  potassium  palladiochloride,  KCl,PdCl  [K.PdCTj,  in  the  form  of 
golden-yellow  needles,  which  dissolve  readily  in  water  to  a  dark  red  hquid, 
but  are  insoluble  in  absolute  alcohol.    In  solutions  which  are  not  too  dilute, 
nitrite  of  potassa  produces  a  yellowish,  crystaUine  precipitate  which 
becomes  reddish  on  long  standing  and  is  soluble  in  much  water.  Sulpho- 
cyanate  of  potassium  does  not  precipitate  palladium,  even  after  the 
addition  of  sulphurous  acid  (difference  from  copper,  and  the  best  means  of 
separating  the  two).    On  treatment  with  carbonate  of  soda  in  the  upper 
oxidizing  flame  (p.  23),  all  the  compounds  of  palladium  yield  a  gray  metallic 
sponge.    On  rubbing  this  in  an  agate  mortar,  silvery-white  ductile  metallic 
spangles  are  obtained. 

b.  Sesquioxide  of  Bliodium,  EhjO,  [Rh,0,]. 

Rhodium  is  found  in  small  quantity  in  platinum  ores.    It  is  almost  as 
white  as  silver,  malleable,  and  very  difficultly  fusible.   When  prepared  in  the 
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wet  way,  it  is  a  gray  powder,  llhodiam  is  insoluble  in  all  acids  ;  it  dissolves 
m  aqua  regia  only  when  alloyed  with  platinum,  copper,  &c.,  and  not  when 
alloyed  with  gold  or  silver.  Fusing  metaphosphoric  acid  and  fusing  bisul- 
phate  of  potassa  dissolve  it,  forming  a  salt  of  the  sesquioxide.  When  heated 
dn  chlorine,  it  forms  a  chloride.  There  are  three  oxides:  the  protoxide 
EhO  [RhO],  sesquioxide,  RhoOg  [Rh,0,],  and  the  peroxide,  RhOg  [RhOJ.  The 
sesquioxide  is  gray  or  black,  it  forms  a  yellow  and  a  brownish-black 
hydrate;  it  is  insoluble  in  acids,  but  dissolves  in  fusing  metaphosphoric 
acid  or  bisulphate  of  potassa.  The  solutions  are  rose-coloured.  Sul- 
ph  retted  hydrogen  and  sulphide  of  ammoni  m,  after  some  time, 
and  especially  when  assisted  by  heat,  precipitate  a  brown  sulphide,  which  is 
insoluble  in  sulphide  of  ammonium,  but  dissolves  in  sulphide  of  potassium 
and  in  boiling  nitric  acid.  Potassa  if  added  in  not  too  large  excess,  throws 
down  at  once  a  yellow  precipitate  of  the  hydrated  oxide,  Uh^O^/jKO 
i[Rh;,03,5H.p],  which  is  soluble  in  excess  of  the  precipitant  at  the  ordinary 
temperature;  on  boiling  the  yellow  solution,  blackish-brown  RhgOj.SHO 
f[Rh„03,3H„0]  is  precipitated.  In  a  solution  of  the  sesquichloride,  potassa  at 
first  produces  no  precipitate,  but,  on  adding  alcohol,  the  black  hydrated 
oxide  soon  separates  (Olaus).  Ammonia,  after  some  time,  produces  a 
yeIIow_  precipitate,  soluble  in  hydrochloric  acid.  Zinc  precipitates  black 
metallic  rhodium.  On  heating  v^ith  nitrite  of  potassa,  the  sesquichloride 
of  rhodium  becomes  yellow,  and  an  orange-yellow  precipitate  is  formed, 
which  is  slightly  soluble  in  water,  but  readily  in  hydrochloric  acid ;  at  the 
same  time  another  portion  of  the  rhodium  is  converted  into  a  yellow  salt, 
which  remains  in  solution  and  is  precipitated  by  alcohol  (Gibbs).  All  soUd 
•compounds  of  rhodium,  when  ignited  in  hydrogen,  or  on  a  platinum  wire 
with  carbonate  of  soda  in  the  upper  oxidizing  flame,  yield  the  metal, 
which  is  well  characterized  by  its  insolubility  in  aqua  regia,  its  solubility 
in  fusing  bisulphate  of  potassa,  and  the  behaviour  of  its  solution  towards 
potassa. 

c.  Oxides  of  Osmium. 

Osmium  is  occasionally  found  in  platinum  ores  as  a  native  alloy  of 
osmium  and  iridium.  It  is  a  black  powder,  or  gray  and  with  metalhc 
lustre;  it  is  infusible.  The  metal,  the  protoxide,  OsO  [OsO],  the  sesqui- 
oxide, OS3O3  [OsjOg],  and  the  peroxide,  OsOj  [OsOJ,  oxidize  readily  when 
heated  to  redness  in  the  air,  yielding  osmic  acid,  OsO^  [OsOJ,  which 
volatilizes  and  makes  its  presence  speedily  known  by  its  peculiar,  exceedingly 
irritating,  offensive  smell,  resembling  that  of  chlorine  and  iodine  (highly 
characteristic).  If  a  little  osmium  is  placed  on  a  strip  of  platinum  foil 
and  held  in  the  outer  mantle  of  a  gas  or  alcohol  flame,  at  half  height,  the 
flame  becomes  most  strikingly  luminous.  Even  minute  traces  of  osmium 
may  by  this  reaction  be  detected  in  alloys  of  iridium  and  osmium ;  but 
the  reaction  is  in  that  case  only  momentary ;  it  may,  however,  be  reproduced 
by  holding  the  sample  first  in  the  reducing  flame,  then  again  in  the  outer 
mantle,  ffitric  acid,  more  particularly  red  fuming  nitric  acid,  and  aqua 
regia  dissolve  osmium  as  osmic  acid ;  the  application  of  heat  promotes  the 
solution,  which  is,  however,  attended  in  that  case  with  volatilization  of  osmic 
acid.  Yery  intensely  ignited  osmium  is  insoluble  in  acids.  If  it  is  fused 
with  nitrate  of  potassa,  and  the  fused  mass  distilled  with  nitric  acid,  the 
osmic  acid  volatilizes  and  is  found  in  the  distillate  (a  characteristic  re- 
action for  all  osmium  compounds).  By  heating  osmium  in  dry  chlorine 
free  from  air,  bluish-black  protochloride,  OsOl  [OsCI^],  is  first  formed, 
but  always  in  small  quantity,  then  the  more  volatile  bright  red  bichloride, 
OsClj  [OsCI  J ;  if  moist  chlorine  is  used,  a  green  mixture  of  the  two  chlorides 
is  obtained.  The  protochloride  dissolves  with  a  blue  colour,  the  bichloride 
with  a  yellow  colour,  and  both  together  with  a  green  colour,  which  turns  to 
red.  The  solutions  are  soon  decomposed,  osmic  acid,  hydrochloric  acid,  and 
3,  mixture  of  protoxide  and  binoxide  being  formed,  the  mixed  oxides  sepa- 
rating as  a  black  powder.    On  heating  a  mixture  of  osmium,  in  powder,  or 
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osmiochloride  is  produced  m  On  adding  spirit  to  the 

soluble  in  cold  water  but  more  ^^^^J^y  ^^^^^^^^  powder  ;  on  heating 

yellow  solution,  the  salt  :s  P^'^^Pf^f^/.^'A^^^^^  oxide  is  precipitated, 

ihe  solutionwithhydrate  of  potassa  theb^^^^^^^^  ^^I^^  ^.^^^ 

When  potassium  osmiochloride      tusea  iiydrochloric  acid, 

grayish-black  oxide  of  osmium  msolub  e  m^^^^^  J 

Potassium  osmiosesquichloride  is  ^^^^^  ^^^^^^^^^^^^  separation  of 

red  solution  readily  ^ecoy  ses.  especiaUy  o^^  reddish-brown 

black  oxychloride;  on  addmg.potassato  ttie^  ^^.^^ 

hydrated'  sesquioxide  is  .m^^^^t'boik^^^^^^^  odour  of  its  vapour 

crystalline,  melts  at  a  gentle  heat,  and  boils  aww  'j^-  ^est  degree.  When 
is  insupportable,  attacking  «y/« ,  ^^f^  ^^l^^^g^.^thf  colourless, 
heated  With  water,  it  melts  and  slowly  dissolves  ,  t^e  so 

has  no  acid  reaction,  but  a  ^tr^'i^fP^f^V  ^n  greater 
trated  potash  solution  colours  the  fol^^ion  yellow  o^^^  the  i^mLinde?  splits 
part  of  the  osmic  acid  passes  over  (very  «^?;^?f^«^f^<^^3^5',  ''^^^  long-con- 

5p  into  oxygen  and  osmite  °f  ^^X^' f^^f^S  o^^^^  PO^^«^^- 
tinned  boiling,  into  osmic  acid,  hydratecl  oxiae  oi  osuuu   ,  ^ 

Sic  acid  decolorizes  indigo 

potassium,  and  converts  alcoHol  into  aldehyde  ^nd  acetic  acia.  ^ 
Sf  potassa  readily  reduces  it  to  osmite  of  potassa  which  ^^P^^f;^' '""^ 
colLed  crystals.'  Sulphuretted  Hydrogen  '^f:^^^^^^^^'^^^,^^^ 
of  osmic  acid  brownish-black,  when  a  strong  acid  is  present  ^h^^^J^ 
black  sulphide  is  precipitated;  this  is  msolub  e  m  «f g'Xwous 
alkalies  and  also  in  sulphide  of  ammonium  or  potassium  Wh^^^^^^^ 
acid  is  gradually  added,  it  causes  the  ^j^^^T  jfrro^^^^^^^ 

a  reddish-brown,  then  green,  and  finaUy  ^^^^^go-^,  f "  ,  ^l^^e  ^Droduces  a 
produces  a  black  precipitate  of  oxide.  Stannous  ^^J^^^^S^^  Zinc 
brown  precipitate,  soluble  in  hydrochloric  acid  to  a  ^^^f  /X^etallic 
and  many  metals  in  the  presence  pi  a  .strong  iliSd  in  a 

n=-mi-nTn  All  thp  coDiDOunds  of  osmium  yield  the  metal  when  ignitea  in  cl 
TrenTof  hydroVen?fn  the  oxidixing  flLe,on  the  contrary,  they  volatilize 
with  the  characteristic  odour  of  osmic  acid. 

cl.  Oxides  of  Ruthenium. 

-Ruthenium  is  found  in  small  quantity  in  platinum  ores.  It  is  a 
grayish  wHte'b^^^^^^^^  exceedingl/infusible  metal. .  It  forms  a  grayish- 
black  nowder  which  is  barely  acted  on  by  aqua  regia;  fusing  bisulptiate 
of  potCa  flils  altogether  t'o  affect  it    It  combines  with  oxygen  form- 

ing  ruthenious  oxide.  [RuO]  the  ^^^q^^^i.-^^.-pS^f  ^Jd  per- 

ruthenic  oxide,  EuO^  [RuOJ,  ruthenicacid,  EuOj  [RuOJ,  and  per 
ruthenic  acid,  EUO4  [RuOJ.      ,    ^.  ....  infn +hpblark 

When  the  powdered  metal  is  ignitedmthe  air.it  is  °97^^f  ^i^^^"  ^^^^^ 
sesauioxide  insoluble  in  acids;  by  ignition  with  ^^l""^^  °  ^  1 
current  of  chlorine  gas,  it  forms  ruthenio-sesquichloride  f .  P°^Xr  TtkndinS 
dissolves  in  water  wfth  an  orange-yellow  colour   This  f  ^^.^^^o^' f 
for  some  time,  or  immediately  on  heating,  yields  a  voluminous  bla^k  precip 
tate,  which  remains  suspended  for  a  long  time,  and  has  '^ery  powertul 
tinctorial  powers  (characteristic  reaction).    Potassa,  soda  or  ammonia 
throws  down  the  brownish-black  hydrate  of  sesquioxide  of  ruthenium,  which 
is  insoluble  in  excess  of  the  fixed  alkalies,  but  dissolves  in  excess  of  ammonia 
with  a  greenish-brown  colour,  and  in  hydrochloric  acid  forming  an  orange- 
yellow  solntion.    Sulph  retted  hydrogen,  after  a  time,  throws  down  a 
Hack  precipitate  which  is  a  mixture  of  black  sulphide  of  rnthenium  with 
sulphur;  the  precipitate  gradually  becomes  darker,  whilst  the  solution 
acquires  a  deep  blue  colour.    Sulphide  of  ammonium  produces  a  brownish- 
black  precipitate  scarcely  soluble  in  an  excess  of  the  precipitant.    Zinc  at 
first  colours  the  solution  blue,  but  after  a  time  metallic  ruthenium  is 
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precipitated.  In  the  absence  of  other  metals  of  the  platinum  ores,  sulpho> 
cyanate  of  potassium  produces,  after  some  time,  a  red  coloration,  which 
gradually  changes  to  purple-red,  and  upon  heating  to  a  fine  violet  tint,  ver- 
characteristic.  If  the  solution  is  made  slightly  alkaline  with  carbonate  of 
soda,_  nitrite  of  potassa  added,  and  the  solution  heated  to  boiHng,  the 
solution  acquires  a  crimson  tint  when  mixed  with  a  little  colourless  sulphide 
of  ammonium,  which  afterwards  changes  to  brown  (this  reaction  is  not 
attected  by  the  presence  of  other  platinum  metals)  turns  crimson  ;  on  the 
addition  of  more  sulphide  of  ammonium,  a  brown  precipitate  is  formed.  If 
a  few  drops  of  a  solution  of  ruthenium  sesquichloride  are  added  to  an  ammo- 
niacal  solution  of  hyposulphite  of  soda,  the  liquid  becomes  of  an  intense 
purple-red. 

Euthenium  oxide  is  a  bluish-black  powder,  insoluble  in  acids,  but 
soluble  m  fused  potassa  with  a  brown  colour ;  its  hydrate  is  dark  ochre- 
coloured  and  dissolves  in  acids,  forming  a  light  yellow  solution.  On  fusing 
metalhc  ruthenium  with  hydrate  of  potassa,  and  nitrate  of  potassa  or 
chlorate  of  potassa,  it  yields  ruthenate  of  potassa;  this  dissolves  in  water, 
yielding  an  orange-coloured  solution  which  dyes  organic  substances  black, 
from  separation  of  black  oxide.  Acids  or  alcohol  throw  down  the  hy drat ed 
sesquioxide. 

Perruthenic  acid  is  a  yellow  crystalline  substance  volatile  at  the 
ordinary  temperature.  It  melts  easily,  and  boils  at  a  little  over  100°.  The 
golden-yellow  vapour  has  an  odour  resembling  that  of  nitrous  acid.  Per- 
ruthenic acid  dissolves  in  water  slowly  and  with  difficulty ;  when  heated  with 
hydrochloric  acid,  it  yields  sesquichloride  of  ruthenium  with  evolution  of 
chlorine  ;  sulphurous  acid  colours  it  first  purplish-red,  then  bluish-violet ; 
sulphuretted  hydrogen  imparts  a  transient  red  tint  to  the  liquid,  and 
then  precipitates  the  black  oxysulphide. 


§  125. 
Sixth  Group. 

More  common  oxides  : — Oxide  of  Gold,  Oxide  of  Platinum, 
Protoxide  of  Tin,  Binoxide  of  Tin,  Teroxide  of  Antimony, 
Arsenious  Acid  and  Arsenic  Acid. 

Rarer  oxides: — Oxides  of  Iridium,  Molybdenum,  Tungsten, 
Tellurium,  Selenium. 

The  higher  oxides  of  the  elements  belonging  to  the  sixth  group  are 
all  of  them  more  or  less  strongly  pronounced  acids.  But  we  class  them 
here  with  the  bases,  as  they  cannot  well  be  separated  from  the  lower 
degrees  of  oxidation  of  the  same  elements,  to  which  they  are  very  closely 
alHed  in  their  reactions  with  sulphuretted  hydrogen. 

Properties  of  the  group. — The  sulphides  corresponding  with  the 
oxides  of  the  sixth  group  are  insoluble  in  dilute  acids.  These  combine 
with  alkaline  sulphides  (either  directly,  or  by  taking  up  sulphur) 
to  form  soluble  sulphur  salts,  in  which  they  play  the  part  of  the  acid. 
Sulphuretted  hydrogen,  therefore,  completely  precipitates  these  oxides, 
like  those  of  the  fifth  group,  from  acidified  solutions.  The  precipitated 
sulphides  difier,  however,  from  those  of  the  fifth  group  in  that  they  are 
soluble  in  sulphide  of  ammonium,  sulphide  of  potassium,  &c.,  and  are 
reprecipitated  from  these  solutions  on  adding  an  acid. 

We  divide  the  more  common  oxides  of  this  group  into  two  classes, 
and  distinguish, 

1.  Oxides  of  the  noble  metals :  gold  and  platinum  oxides. 
These  oxides  are  decomposed  at  a  red  heat  into  the  metal  and  oxygen, 
and  the  corresponding  chlorides  into  the  metal  and  chlorine.    The  pre- 
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BOt  soluble  m  boding  ^yd^"^^""^',';      ■  i,,^ted  in  a  stream  of 

ehl^r  orwithl' m"^'^^^^^^^^^  of  ammonium  and 

'  TolitTrLTdrotirba".  Theox^gencompounds 

metals  volati  ize^^^^^  the  sulphides  of  arsenic),  and  are 

chloric  acid  (witli  tne  excepuuii  f  eninhides  of  the 

rlissolved  or  decomposed  by  boihng  nitnc  acid,  ihe  sulpmaes  ox  T>ne 
•metairie  completely  volatilized  when  heated  in  a  stream  of  chlorine  or 
wfth  a  mi^S  of  5  parts  of  chloride  of  ammonium  and  1  part  of 
aiitrate  of  ammonia. 

First  Division. 
Special  Eeactions. 
§  126. 

a.  Auric  Oxide  or  Oxide  of  Gold,  AuO,  [Au,03]. 

1  Metallic  gold  has  a  yellow  colour  and  a  high  metaUic  lustre : 
it  is'rather  soft,  Exceedingly  maUeable,  difficultly  fusible  :  it  does  no^^ 
oxidize  when  ignited  in  the  air,  and  is  insoluble  m  hydrochloric 
mtric,  or  sulphuric  acid,  but  dissolves  somewhat  m  hot  concentrated 
Bitric  acid  containing  sulphuric  acid,  and  easily  m  liquids  which  contain 
or  evolve  chlorine,  such  as  nitrohydrochloric  acid.  The  solution  con- 
tains terchloride  of  gold.  Liquids  containing  free  bromine  or  iodine 
also  dissolve  gold.  Fusing  bisulphate  of  potassa  has  no  action  on  it, 
but  the  hydrated  alkaUes  and  nitrate  of  potassa  attack  it  at  a  nign 

temperature.  ,  i.  - 

2  Oxide  of  gold  is  a  brownish-black  powder,  its  hydrate  is 
chestnut-brown,  or  brownish-black.  Both  are  reduced  by  Ught  and 
heat,  and  dissolve  readily  in  hydrochloric  acid,  but  not  m  dUute  oxygen 
acids.  Concentrated  nitric  and  sulphuric  acids  dissolve  a  httle  hydrated 
oxide  of  gold;  water  reprecipitates  it  from  these  solutions.  Aurous 
oxide  or  protoxide  of  gold,  AuO  [Au,0],  is  violet-black;  it  is 
decomposed  by  heat  into  gold  and  oxygen. 

3  Oxygen  salts  of  gold  are  practically  unknown.  Auric  chlo- 
ride'or  chloride  of  gold,  AuCl,  [Auda], is  red  to  brown-red, and  when 
heated  at  150°-200°  it  gives  off  chlorine,  leaving  the  yellowish-white 
aurous  chloride,  AuCl  [AuCI];  when  more  strongly  heated,  this  de- 
composes into  gold  and  chlorine,  and  on  treatment  with  water  is  resolved 
into  gold  and  chloride  of  gold.  The  solution  of  chloride  of  gold  is 
brownish-red  when  concentrated,  reddish-yellow  when  more  dilute,  and 
is  distinctly  yellow  even  when  very  dilute ;  the  solution  reddens  litmus. 
Hydrogen  aurochloride,  AuCl3,HCl -t- 6aq  [HAuCI„3H,0],  forms 
bright  yellow  crystals  which  dissolve  in  water  with  a  deep  yellow 
■colour,  yielding  solution  of  chloride  of  gold,  so  called. 

4.  Sulphuretted  hydrogen  precipitates  the  whole  of  the  metal  from 
neutral  or  acid  solutions ;  the  brownish-black  precipitate  always  consists 
of  a  mixture  of  sulphide  of  gold  with  metallic  gold  or -with  sulphur, 
and  that  whether  the  solutions  are  hot  or  cold,  dilute  or  concentrated 
(v.  Schrbtter  and  Priwoznik).  The  precipitates  are  insoluble  in 
hydrochloric  and  in  nitric  acid,  even  when  hot,  but  are  soluble  in  nitro^ 
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hydrochlonc  acid.  They  are  soluble  both  in  colourless  and  in  yellow 
sulphide  of  ammonium,  especially  on  heating,  and  still  more  easily  in 
sulphide  of  sodium  or  sulphide  of  potassium ;  sometimes  a  black  residue 
of  pulverulent  gold  is  left.  If  heated  to  redness  in  a  current  of  chlorine 
or  with  a  mixture  of  5  parts  of  chloride  of  ammonium  and  1  of  nitrate 
ot  ammonia,  they  leave  metallic  gold. 

5 .  Sulphide  of  ammonium  precipitates  brownish-black  sulphide 
ot  gold,  AuS^  [Au,SJ,  which  redissolves  in  an  excess  of  the  precipitant 
especially  on  heating.  ' 

6.  Ammonia  produces,  although  only  in  concentrated  solutions  of 
gold,  a  reddish-yellow  precipitate  of  f  u  1  m  i  n  a  t  i  n  g  g  o  1  d.  The  more 
acid  the  solution  and  the  greater  the  excess  of  ammonia  added,  the 
more  gold  remains  in  solution. 

7.  Stannic  chloride  containing  stannous  chloride  (which  may  be 
easily  prepared  by  mixing  solution  of  stannous  chloride  with  a  little 
chlorine  water)  produces,  even  in  extremely  dilute  solutions  of  gold  a 
purple-red  precipitate  (or  coloration  at  least),  which  sometimes  inclines 
rather  to  violet  or  to  brownish-red.  This  precipitate,  which  has  received 
the  name  of  purple  of  c a ssius,  is  insoluble  in  hydrochloric  acid.  Its 
composition  has  not  been  as  yet  definitely  established. 

8.  Ferrous  salts  reduce  chloride  of  gold,  and  precipitate  metallic 
gold  from  the  solution  in  the  form  of  a  most  minutely  divided  brown 
powder.  The  liquid  in  which  the  precipitate  is  suspended  appears  of  a 
blueish-black  colour  by  transmitted  light.  The  dried  precipitate  showa 
metaUic  lustre  when  pressed  with  the  blade  of  a  knife. 

9.  Nitrite  of  potassa  produces  a  precipitate  of  metallic  gold  even 
in  dilute  solutions.  In  very  dilute  solutions,  the  hquid  at  first  only 
appears  coloured  blue,  but  in  time  the  whole  of  the  gold  separates, 

10.  Potassa  or  soda  added  in  excess  to  terchloride  of  gold  leaves  the 
liquid  clear,  but  on  adding  tannic  acid  metalhc  gold  separates.  Warm- 
ing assists  the  precipitation. 

11.  All  compounds  of  gold  are  reduced  in  the  stick  of  charcoal 
(p.  24).  ^  By  triturating  the  charcoal  afterwards,  spangles  of  metal  will 
be  obtained,  which  are  insoluble  in  nitric  acid,  but  readily  soluble  in 
aqua  regia. 

§  127. 

h.  Platinic  Oxide,  PtO^  [Pto,]. 

1.  Metallic  platinum  is  of  a  light  steel-gray  colour;  it  is  very 
lustrous,  moderately  hard,  very  malleable  and  very  difficultly  fusible ; 
it  does  not  oxidize  when  ignited  in  the  air.  Platinum  sponge  is 
dull  gray,  and  platinum  black  is  a  fine  black  powder.  Platinum  is 
insoluble  in  hydrochloric,  nitric,  or  sulphuric  acid,  but  it  dissolves  in 
nitrohydrochloric  acid,  especially  on  heating ;  if  excess  of  hydrochloric 
acid  is  used,  the  solution  contains  hydrogen  platinochloride.  Fusing 
bisulphate  of  potassa  does  not  attack  platinum,  but  it  is  oxidized  at  a 
red  heat  by  the  nitrates  of  the  alkalies  and  also  by  their  hydrates  with 
access  of  air. 

2.  Oxide  of  platinum  is  a  brownish-black  powder,  its  hydrate, 
PtO„2HO  [Pt(OHJ],  is  reddish-brown.  Both  are  reduced  by  heat ;  the 
hydrate  is  readily  soluble  in  dilute  acids  and  in  soda  solution.  Pla- 
tinous  oxide,  PtO  [PtO],  is  dark  violet,  its  hydrate  is  black;  both 
are  reduced  to  the  metallic  state  by  ignition. 
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q  The  salts  of  platinic  oxide  are  decomposed  at  ared  heat.  They 
a.e  yeZ:  J?  bt™'  Platinic  cUovide,  RO.  .  5aq  t^'O'^^^H  °I  f™ 

red  crystals-  hydrogen  platinochloride,  Pt01,,HCl  +  6aq  LM,Ktui,„faM,uj, 
?orms  bxwnishLdc^^^^^^^  What  is  ordinarily  called  a  solution  of  chlo- 
ridHf  Xt^um  is  reiuy  a  solution  of  hydrogen  platinochloride ;  it  has 
iracid  reaction.  Both  platinic  chloride  and  hydrogen  platinochloride 
;?eld%t^^^^^^^^^^^^^  PtCl  [PtOU  when  heated  to  low  re « 

at  240°)  •  at  a  higher  temperature,  platinum  is  left.  Solution  ot  chlo- 
ride of  platinum  containing  platinous  chloride  has  a  deep  brown  colour. 

4  Sulphuretted  hydrogen  graduaUy  colours  acid  and  neutral  solu- 
tions brown,  but,  after  the  lapse  of  some  time,  a  brownish-black  precipi- 
tate of  suiphide  of  platinum,  PtS  tPtS,]  is  produced.  If  he 
solution  is  heated  after  the  addition  of  the  sulphuretted  hydrogen  the 
precipitate  forms  immediately.  It  dissolves  in  a  great  excess  of  hot 
alkaline  sulphides,  more  particularly  of  the  higher  degrees  of  sulphura- 
tion,  but  it  is  always  difficult  to  obtain  complete  solution.  Hot  nitric- 
acid  easily  dissolves  platinic  sulphide  if  it  has  been  precipitated  from  a 
cold  solution,  but  that  thrown  down  from  a  hot  solution  is  almost 
insoluble  •  hot  hydrochloric  acid  does  not  dissolve  platinic  sulphide,  but 
it  is  readily  soluble  in  nitrohydrochloric  acid.  When  heated  to  redness 
in  a  current  of  chlorine,  or  ignited  with  a  mixture  of  5  parts  of  chloride 
of  ammonium  and  1  of  nitrate  of  ammonia,  it  leaves  metallic  platinum. 

5  Sulphide  of  ammonium  produces  the  same  precipitate ;  this  re- 
dissoives  completely,  though  slowly  and  with  difficulty,  in  a  large  excess 
of  the  precipitant  if  the  latter  contains  an  excess  of  sulphur.  It  is 
somewhat  more  easUy  soluble  in  hot  sulphide,  but  it  is  always  difficult 
to  dissolve  it  completely.  Acids  reprecipitate  the  platimc  sulphide 
unaltered  from  the  reddish-brown  solution. 

6.  Chloride  of  potassium  and  chloride  of  ammonium  (and 
accordingly,  of  course,  also  potassa  and  ammonia  in  presence  of  hydro- 
chloric acid)  produce  in  solutions  of  chloride  of  platinum,  if  not  too  dilute,, 
yellow  crystalline  precipitates  of  platinochloride  of  potassium  or 
ammonium.  From  dilute  solutions,  these  precipitates  are  obtained 
by  evaporating  the  solution  mixed  with  the  precipitants  on  the  water- 
bath,  and  treating  the  residue  with  a  little  water  or  with  dilute  spirit 
of  wine.  The  precipitates  are  somewhat  more  soluble  in  acids  than  in 
water ;  soluble  in  concentrated  potassa  or  soda  on  heating.  On  igniting 
platinochloride  of  ammonium,  spongy  platinum  is  left ;  the  potassium 
salt  leaves  platinum  and  chloride  of  potassium.  The  decomposition  of 
the  latter  compound  is  incomplete  unless  the  ignition  is  effected  in  a 
current  of  hydrogen  gas  or  with  addition  of  some  oxaKc  acid. 

7.  Stannous  chloride  added  to  solutions  containing  much  free 
hydrochloric  acid  imparts  to  them  an  intensely  dark-red  or  brownish- 
red  colour,  owing  to  a  reduction  of  the  platinic  chloride  to  platinous 
chloride,  but  no  precipitate  is  produced. 

8.  Ferrous  sulphate  does  not  precipitate  solution  of  platinic 
chloride  except  on  very  long  continued  boiling,  in  which  case  the  chlo- 
ride ultimately  is  reduced  and  platinum  separates.  If,  however,  caustic 
soda  be  added  to  the  solution,  after  the  sulphate  of  iron,  and  then  hydro- 
chloric acid,  platinum  black  will  be  formed. 

9.  If  iodide  of  potassium  in  excess  is  added  to  a  solution  of 
hydrogen  platinochloride,  a  characteristic  deep-red  coloration  is  pro- 
duced ;  in  very  dilute  solutions  it  is  rose- red. 
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10.  On  igniting  a  compound  of  platinum  mixed  with  carbonate  of 
soda  on  a  loop  of  platinum  wire  in  the  upper  oxidizing  flame,  a  gray 
spongy  mass  is  obtained,  which  on  trituration  in  an  agate  mortar  yiehls 
silvery  spangles,  insoluble  in  hydrochloric  and  nitric  acid,  but  soluble 
in  aqua  regia. 

§  128.  : 

Recapitulation  and  Remarks. 

The  reactions  of  gold  and  platinum  enable  us,  at  least  partially,  to 
detect  those  two  metals  in  the  presence  of  many  other  oxides,  and 
more  particularly  where  platinum  and  gold  are  present  in  the  same 
solution.  In  the  latter  case,  the  solution  is  most  conveniently  evapo- 
rated to  dryness  at  a  gentle  heat  with  chloride  of  ammonium,  and  the 
residue  treated  with  dilute  spirit  of  wine,  in  order  to  obtain  the  gold 
in  solution  and  the  platinum  in  the  residue.  The  precipitate  will 
thus  give  platinum  by  ignition,  and  the  gold  may  be  thrnv/n  down  from 
the  solution  by  ferrous  sulphate,  after  removing  the  spirit  of  wine  by 
evaporation,  or  the  gold  may  be  precipitated  from  the  hydrochloric  acid 
solution  by  ferrous  sulphate,  and  the  platinum  from  the  heated  filtrate 
by  sulphuretted  hydrogen. 

Second  Division. 
Special  Reactions. 
§  129. 

a.  Stannous  Oxide  or  Protoxide  of  Tin,  SnO  [SnO]. 

1.  Metallic  tin  is  of  a  light  grayish- white  coloui-  and  has  a  high 
metallic  lustre;  it  is  soft  and  malleable;  when  bent  it  produces  a 
crackUng  sound.  It  melts  at  228-5°,  and  boils  at  a  white  heat;  when 
heated  in  the  air,  it  absorbs  oxygen,  and  is  slowly  converted  into  the 
white  binoxide  ;  heated  on  charcoal  before  the  blowpipe,  it  forms  a  white 
incrustation.  Concentrated  hydrochloric  acid  dissolves  tin  to  stannous 
chloride,  with  evolution  of  hydrogen ;  nitrohydrochloric  acid  dissolves 
it  according  to  circumstances,  forming  stannic  chloride  or  a  mixture  of 
stannous  and  stannic  chlorides.  Tin  dissolves  with  difficulty  in  dilute 
sulphuric  acid;  concentrated  sulphuric  acid  converts  it,  with  the  aid  ot 
heat  into  sulphate  of  binoxide ;  moderately  concentrated  nitric  acid 
oxidizes  it  readHy,  particularly  if  hot ;  the  white  hydrate  of  metastanmc 
acid  SnO  ,2110  [Sn(OH)J,  does  not  redissolve  m  excess  of  the  acid.  , 

2  Stannous  oxide  is  a  black  or  grayish-black  powder ;_  its 
hydrate  is  white;  it  is  reduced  by  fusion  with  cyanide  of  potassium. 
It  is  readHy  soluble  in  hydrochloric  acid.  Nitric  acid  converts  it  into 
hydrate  of  metastannic  acid,  insoluble  in  excess  of  the  acid. 

3  The  salts  of  stannous  oxide  are  colourless;  they  are  de- 
composed at  a  red  heat,  leaving  stannic  oxide  if  air  has  free  access.  The 
soluble  salts,  in  the  neutral  state,  redden  Htmus-paper ;  those  which  are 
soluble  in  water  dissolve  in  hydrochloric  acid  if  they  have  not  been  pre- 
viously ignited.  Stannous  salts  rapidly  absorb  oxygen  from  the  air,  and 
are  partially  or  entirely  converted  into  salts  of  stannic  oxide.  Stannous 
chloride,  whether  in  crystals  or  in  solution,  also  absorbs  oxygen  from 
the  air,  forming  insoluble  stannous  oxychloride  and  stannic  chloride; 
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so  that  a  sohition  of  stannous  chloride  becomes  speedily  turbid  if  the 
bottle  is  often  opened  and  there  is  but  little  free  acid  P;:e«ent  :  hence 
it  is  only  quite  recently  prepared  stannous  chloride  which  will  com- 
Setelv  dissolve  in  water  free  from  air,  whilst  crystals  of  stannous 
chloride  that  have  been  kept  for  any  time  will  dissolve  to  a  clear  solu- 
tion only  in  water  containing  hydrochloric  acid. 

4  Sulphuretted  hydrogen  throws  down  from  neutral  and  acid 
solutions  a  dark-brown  precipitate  of  hydrated  stannous  sulphide 
SnS  [SnS]  This  reagent  does  not  precipitate  alkaline  solutions,  or  at 
least  not  completely;  moreover,  the  precipitation  may  be  prevented  by 
the  presence  of  a  very  large  quantity  of  free  hydrochloric  acid.  The 
precipitate  is  insoluble,  or  nearly  so,  in  protosulphide  of  ammonium,  but 
dissolves  readily  in  the  higher  yellow  sulphide  if  warmed.  _  From  this 
solution,  acids  precipitate  yellow  stannic  sulphide,  mixed  with  sulphur. 
Stannous  sulphide  dissolves  also  in  solution  of  soda  and  potassa ;  acids 
precipitate  the  brown  sulphide  from  these  solutions.  BoHmg  hydro- 
chloric acid  dissolves  it,  with  evolution  of  sulphuretted  hydrogen;  boil- 
ing nitric  acid  converts  it  into  insoluble  hydrate  of  metastannic  acid. 
When  sulphide  of  tin  is  heated  to  redness  in  a  current  of  chlorine,  or 
with  a  mixture  of  5  parts  of  chloride  of  ammonium  and  1  of  nitrate  of 
ammonia,  it  is  decomposed  and  volatilizes  completely.  _  If  the  operation 
is  performed  in  a  glass  tube  the  tin  sublimes  as  chloride. 

5.  Sulphide  of  ammonium  produces  the  same  precipitate  of 
hydi-ated  stannous  sulphide. 

6.  Potassa,  soda,  ammonia,  and  carbonates  of  the  alkalies 
produce  a  white  bulky  precipitate  of  hydrate  of  stannous  oxide, 
SnO,HO  [SnHoOj],  which  redissolves  readily  in  excess  of  potassa  or  soda, 
but  is  insoluble  in  an  excess  of  the  other  precipitants.  If  the  solution 
of  hydrate  of  stannous  oxide  in  potassa  is  briskly  evaporated,  a  com- 
pound of  stannic  oxide  and  potassa  is  formed,  which  remains  in  solution, 
whUst  metallic  tin  is  precipitated ;  but  on  evaporating  slowly,  crystalline 
anhydrous  stannous  oxide  separates. 

7.  Chloride  of  gold  produces  in  solutions  of  stannous  chloride  and 
in  solutions  of  salts  of  stannous  oxide  mixed  with  hydrochloric  acid  a 
precipitate  which  varies  in  colour  between  brown,  reddish-brown,  and 
purple-red,  according  to  the  presence  of  more  or  less  stannic  chloride 
and  the  state  of  concentration  (compare  §  126,  7).  In  very  dilute 
solutions,  a  more  or  less  brown  or  red  coloration  merely  is  produced. 

8.  Solution  of  mercuric  chloride,  added  in  excess  to  solutions  of 
stannous  chloride  or  oxide  mixed  with  hydi'ochloric  acid,  produces  a 
white  precipitate  of  mercurous  chloride,  owing  to  the  protosalt  of 
tin  withdrawing  from  the  mercuric  chloride  half  of  its  chlorine. 

9.  If  a  solution  containing  stannous  oxide  or  chloride  and  hydro- 
chloric acid  is  added  to  a  mixture  of  ferricyanide  of  potassium  and 
ferric  chloride  a  precipitate  of  Prussian  TdIuo  separates  immediately, 
owing  to  the  reduction  of  the  ferricyanide  of  iron,  Fe^Cfdy  [FejlFe.^CioNjo)], 
to  ferrocyanide,  Fe^Cfy^  [Fe^CFeCeNJ.,]. 

Fe^Cfy,*  +  2HC1  +  2SnCl  =  Fe.Cfy,  +  H.Cfy  +  2SnCl, 
[2Fe,(Fe,C,2N,,)+4HCI-f2SnCl=Fe,(FeCoN„),  +  H,FeC„N„-h2SnCI,]. 
This  reaction  is  extremely  dehcate,  but  it  can  be  held  to  be  decisive 
only  in  cases  where  no  other  reducing  agent  is  present. 

»  2Fe,CfcIy=Fe,Cfy,;  for  Cfdy  =  C,„N„Fe„=2Cfy. 
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10.  Zinc  precipitates  from  solutions  mixed  with  hydrochloric  acid 
metallic  tin  in  the  form  of  gray  laminaj  or  of  a  spongy  mass.  If  the 
experiment  is  made  in  a  platinum  capsule,  the  latter  is  not  coloured  Ijlack. 

11.  If  compounds  of  stannous  oxide,  mixed  with  carbonate  of 
soda  and  some  toorax,  or,  better  still,  with  a  mixtvire  of  equal  parts  of 
carbonate  of  soda  and  cyanide  of  potassium,  are  exposed  on  a 
charcoal  support  to  the  inner  blowpipe  flame,  malleable  grains  of 
metallic  tin  are  obtained.  The  best  way  of  making  quite  sure  of  the 
real  nature  of  these  grains  is  to  triturate  them  and  the  surrounding 
parts  of  charcoal  with  water  in  a  small  mortar,  pressing  heavily  upon  the 
pestle  ;  then  to  wash  the  charcoal  off  from  the  metalHc  particles.  Upon 
strongly  heating  the  grains  of  metallic  tin  on  a  charcoal  support,  the 
latter  becomes  covered  with  an  incrustation  of  white  binoxide.  The  stick 
of  charcoal  (p.  24)  is  also  admirably  adapted  for  the  reduction  of  tin. 

12.  If  to  a  borax  bead  coloured  slightly  blue  by  copper  a  trace  of  a 
compound  of  tin  is  added  and  the  bead  is  heated  in  the  lower  reducing 
zone  of  the  gas-lamp  (p.  23),  it  will  become  reddish-brown  to  ruby- 
red  in  consequence  of  the  reduction  of  the  oxide  of  copper  to  suboxide 
(compare  §  120,  14).  A  compound  of  tin  is  essential  to  this  reaction. 
The  blowpipe  flame  cannot  be  substituted  for  the  gas-lamp  flame,  as  in 
the  former  the  copper  is  reduced  to  suboxide  even  when  tin  is  absent. 

§  130. 

1).  Stannic  Oxide  or  Binoxide  of  Tin,  SnO,  [SnO,]. 

1.  Tin  oxide  is  a  white  or  straw-coloured  powder,  which  becomes 
transiently  brown  on  heating.    When  heated  with  concentrated  sul- 
phuric acid,  or  on  fusion  with  acid  sulphate  of  potassa,  it  forms  com- 
pounds from  which  water  separates  all  the  stannic  oxide.    Other  acids  do 
not  act  on  stannic  oxide,  but  when  heated  with  chloride  of  ammonium 
the  tin  is  volatilized  as  chloride.    Stannic  oxide  forms  with  acids,  bases, 
and  water,  two  distinct  series  of  compounds  :  namely,  stannic  oxide  or 
stannic  acid  compounds,  and  those  of  metastannic  acid  ;  the  compounds 
with  acids  correspond  with  the  two  chlorides,  stannic  chloride  and  meta- 
stannic chloride.    The  hydrate  thrown  down  by  alkahes  from  a  solution 
of  stannic  chloride  is  readily  soluble  in  hydrochloric  acid,  whilst  the 
hvdrated  metastannic  acid  obtained  by  the  action  of  nitric_  acid  on  tm 
is  insoluble  ;  if,  however,  the  latter  compound  is  boiled  with  it  for  a 
short  time,  metastannic  chloride  (which  is  but  httle  soluble  m  hydro- 
chloric acid)  is  formed,  and  if  the  excess  of  hydrochloric  acid  is  poured 
off  and  water  added,  a  solution  of  metastanmc  chloride  is  obtained, 
which  is  generally  somewhat  opalescent. 

2  The  salts  of  stannic  oxide  are  colourless,  ihe  solutions 
of  the  neutral  salts  redden  Htmus-paper.  The  salts  containing  volatile 
acids  are  easily  decomposed.  Anhydrous  stannic  chloride  is  a  mobile 
iTauid  fuming  strongly  on  exposure  to  the  an^  It  is  solub  e  m  cold 
Zt  Z^ng  a  solution  of  stannic  chloride  This  solution  i.  not  pre- 
cipitated by  hydrochloric  or  by  sulphuric  acid  unless  very  dilute,  and 
i^nJcoloured  yellow  on  adding  stannous  chloride,  whilst  the  aqueous 
l^::TLLt.n^c  chloride  is  precipitated. both  ^7  -ncen^^^^^^^^ 
hvdrochloric  acid  and  by  sulphuric  acid,  and  is  coloured  yellow  by, 
':i^:^s  Z:^de.  TheWe  sohitions  of  ^o^h  chWe,^  a^^^^ 
especially  that  of  metastannic  chloride,  are  precipitated  on  boUmg. 
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3  On  fusin"*  stannic  oxide,  hydrated  stannic  oxide,  or  hydrated 
metastannic  acid  with  hydrates  of  the  alkali,  alkaline  stannates 
are  formed ;  these  are  soluble  in  water,  and  on  adding  an  acid,  even 
carbonic  acid,  hydrated  stannic  oxide  is  precipitated.  By  fusion  with 
carbonates  of  the  alkalies,  a  portion  only  of  the  stannic  oxide  is  converted 

into  stannate  of  the  alkah.  ,    ,  j  w 

4  Sulphuretted  hydrogen  in  excess,  in  a  concentrated  solution 
of  stknnic  chloride  containing  free  hydrochloric  acid,_forins  a  bright 
yellow  stable  precipitate  of  hydrated  stannic  sulphide,bnb,  Li>n&j 
containing  hydrated  stannic  oxide  ;  with  a  weak  acid  or  m  feebly  acid 
solutions,  the  precipitation  does  not  always  take  place  immediately,  and 
crradually  becomes  deep  yellow.    In  very  dilute  solutions  not  containing 
any  free  acid,  the  precipitate  which  is  slowly  formed  is  at  first  white, 
but  afterwards  becomes  yellow;   warming  assists  the  precipitation. 
Alkaline  solutions  are  not  precipitated  by  sulphuretted  hydrogen,  and 
the  presence  of  a  very  large  quantity  of  free  hydrochloric  acid  may 
also  prevent  precipitation.    The  precipitate  dissolves  with  some  diffi- 
culty in  ammonia,  and  scarcely  at  all  in  carbonate  of  ammonia ;  it  is 
insoluble  in  acid  sulphite  of  potassa,  readily  soluble  in  potassa  or  soda, 
in  alkahne  sulphides,  or  in  concentrated  boiHng  hydrochloric  acid  or 
aqua  regia.    The  precipitate  thrown  down  from  a  solution  of  meta- 
stannic chloride  by  sulphuretted  hydrogen,  and  consisting  of  hydrate  of 
metastannic  acid  containing  hydrated  stannic  sulphide,  becomes  more 
or  less  brown,  on  remaining  for  a  long  time  in  contact  with  the  liquid 
and  on  treating  it  with  excess  of  soda  solution  stannic  sulphide  is  dis- 
solved, leaving  a  residue  of  metastannate  of  soda  (Barfoed).  Con- 
centrated nitric  acid  converts  the  sulphuretted  hydrogen  precipitates  into 
hydrate  of  metastannic  acid.    "When  heated  with  a  mixture  of  5  parts 
of  chloride  of  ammonium  and  1  part  of  nitrate  of  ammonia,  these  pre- 
cipitates behave  like  stannous  sulphide  (§  129,  4).    On  deflagrating 
them  with  nitrate  and  carbonate  of  soda,  they  yield  sulphate  of  soda, 
stannic  oxide,  and  some  stannate  of  soda.    If  a  solution  of  the  pre- 
cipitate in  potassa  or  soda  is  boiled  with  oxide  of  bismuth  or  oxide  of 
copper,  a  sulphide  of  the  metal  is  formed,  and  stannate  of  the  alkali 
remains  in  solution. 

5.  Sulphide  of  ammonium  precipitates  yellow  hydrated  stannic 
sulphide,  readily  soluble  in  excess  of  the  precipitant;  from  this 
solution,  acids  reprecipitate  the  sulphide  unaltered. 

6.  Potassa  and  soda  produce  a  white  precipitate  of  hydrated 
stannic  oxide  in  a  solution  of  stannic  chloride;  this  is  insoluble  in 
excess  of  the  precipitant.  In  metastannic  chloride  solution,  potassa  pro- 
duces a  precipitate  of  hydrated  metastannic  acid,  soluble  in  a  moderate 
excess  of  the  precipitant ;  with  a  large  excess,  metastannate  of  potassa 
separates,  sparingly  soluble  in  potassa,  but  soluble  in  water.  From 
metastannic  chloride,  soda  precipitates  metastannate  of  soda,  which  is 
insoluble  in  excess  of  soda. 

7.  Carbonate  of  potassa  gives  a  white  precipitate  with  stannic 
chloride  solution.  The  precipitate,  consisting  of  hydrate  of  stannic  oxide 
containing  potassa,  dissolves  in  excess  of  the  precipitant,  but  separates 
again  on  standing.  The  precipitate  thrown  down  by  carbonate  of 
soda  is  not  soluble  in  excess  of  the  precipitant.  The  white  precipitate 
produced  by  carbonates  of  the  alkalies  in  a  solution  of  metastannic  chlo- 
ride are  insoluble,  or  almost  insoluble,  in  excess  of  the  precipitant. 

M  2 
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8.  Sulphate  of  soda  or  nitrate  of  ammonia  (in  fact,  most  neutral 
salts  of  the  alkalies),  when  added  in  excess,  throws  down  the  whole  of 
the  tin  from  solutions  of  the  two  modifications  of  stannic  oxide,  pro- 
vided they  are  not  too  acid,  either  as  hydrate d  stannic  oxide  or  as 
hydratedmetastannic  acid,    Heating  promotes  the  precipitation : 

SnCl,  +  4(NaO,SO,,)  +  4110  =  SnO,,2HO  +  2NaCl  +  2(NaO,nO,2S03) 
[SnCl4  +  4Na„s6,  +  4H,,0  =  Sn(OH),  +  4NaCI  +  4-NaHS04]. 

9.  Metallic  zinc  in  the  presence  of  free  acid  precipitates  from 
solutions  of  stannic  chloride  metallic  tin  in  the  shape  of  small 
gray  scales,  or  as  a  spongy  mass.  If  the  operation  is  conducted  in  a 
platinum  dish,  no  blackening  of  the  latter  is  observed  (difference  between 
tin  and  antimony), 

10,  If  solution  of  stannic  chloride  is  boiled  for  a  long  time  with 
metallic  copper,  the  stannic  chloride  is  reduced  to  stannous  chloride, 
and  the  solution  then  precipitates  mercurous  chloride  from  a  solution 
of  mercuric  chloride  (Pattison  Muir), 

11,  The  compounds  of  stannic  oxide  show  the  same  reactions  before 
the  blowpipe  or  in  the  gas  flame  as  those  of  stannous  oxide.  _  Stannic 
oxide  is  also  readily  reduced  when  fused  with  cyanide  of  potassium  in  a 
g-lass  tube  or  in  a  crucible, 

§  131. 

c.  Oxide  of  Antimony,  Sb03  [SbOJ. 

1.  Metallic  antimony  has  a  bluish-white  colour  and  is  lustrous; 
it  is  hard,  brittle,  melts  at  430°,  and  is  volatile  at  a  very  high  tempera- 
ture.   When  heated  on  charcoal  before  the  blowpipe,  it  emits  thick 
white  fumes  of  oxide  of  antimony,  which  form  an  incrustation  on  the 
charcoal;  this  combustion  continues  for  some  time  even  after  the 
removal  of  the  metal  from  the  flame ;  it  is  most  distmctly  visible 
if  a  current  of  air  is  directed  with  the  blowpipe  on  to  the  sample  on 
the  charcoal.    If  the  sample  on  the  support  is  kept  steady,  that  the 
fumes  may  ascend  vertically,  the  metallic  bead  becomes  surrounded 
with  a  net  of  brilliant  acicular  crystals  of  teroxide  of  antunony.  Nitric 
acid  oxidizes  antimony  readily:  the  dilute  acid  converts  it  almost 
entirely  into  teroxide  ;  the  more  concentrated  the  acid,  the  more  anti- 
monic  acid  is  formed,  whilst  the  boiling  concentrated  acid  converts  it 
almost  completely  into  antimonic  acid.    Neither  of  the  two  oxides  is 
altogether  insoluble  in  nitric  acid ;  traces  of  antimony  are  therefore 
always  found  in  the  acid  liquid  filtered  from  the  precipitate.  Hydro- 
chloric acid,  even  boiling,  does  not  attack  antimony,  but  m  nitrohydro- 
chloric  acid,  the  metal  dissolves  readily;  the  solution  contains  terchloride, 
SbCl  [SbCl3],  or  pentachloride,  SbCl,  [SbCIJ,  according  to  the  degree  of 
concentration  of  the  acid  and  the  duration  of  the  action.  _  .  ,  n 

2  According  to  the  different  modes  of  its  preparation,  oxide  ot 
antimony  occurs  either  in  the  form  of  white  and  brilliant  crystallme 
needles,  or  as  a  white  powder.  It  fuses  at  a  moderate  red  heat  m  a 
closed  vessel,  and  when  exposed  to  a  higher  temperature  it  vo^jzes 
.without  decomposition.  It  is  almost  insoluble  in  nitric  acid,  but 
dissolves  readily  in  hydrochloric  acid  and  in  tartai-ic  '^^^^d.  No  separa- 
tion of  iodine  takes  place  on  boiling  it  with  hydrochlonc  acid  fi;ee  fiom 
chlorine  and  iodide  of  potassium  (free  from  iodic  acid)  (Bunsen).  iei- 
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oxide  of  antimony  is  easily  reduced  to  the  metallic  state  by  fusion  with 

'^t'llimotracid  SbO,  [Sb.A],  is  pale  yellow;  its  hydrates  are 
1  -t     Tinlhihe  acid  and  its  hydrates  redden  moist  Utmus-paper ;  they 
only  vel^Xg^^^^^^^^^     -  and  almost  insoluble  in  mtnc 

:  d  bKS^  readily  in  hot  concentrated  hydroch^^^^^^^ 

the  solution  contains  pentachloride  of  antimony,  SbCl,  Lt»buy,  ana 
beLmt  tu  i^  on  addition  of  water.  On  boiling  antimomc  acid  with 
hydiSo^  acid  and  iodide  of  potassium,  iodine  separates,  and  dis^ 
solv  n.  in  the  hydriodic  acid  present  colours  it  brown  (Bunsen)  On 
gljuon  antimoL  acid  loses  oxygen,  and  is  co—^^^^  mfusible 
antimonate  of  oxide  of  antimony,  Sb03,Sb0jSb,O J  Ut  the 
antimonates  and  metantimonates,  the  potassa  salts  are  almost  the  only 
ones  soluble  in  water :  acids  precipitate  hydrate  of  the  corresponding 
:Sotc  acid  from  the  solutions,  chloride  of  sodium  throws  down 
metantimonate  of  soda  (§  90,  2)  from  the  solution  of  metantimonate 

The  salts  of  oxide  of  antimony  which  contain  volatile  acids 
are  decomposed  by  ignition;  the  haloid  salts  volatihze  readily  and  un- 
altered.   The  soluble  neutral  salts  of  antimony  redden  litmus-papei. 
With  a  large  quantity  of  water,  they  give  insoluble  basic  salts  and  acid 
solutions  containing  oxide  of  antimony.    Thus,  for  instance,  water 
throws  down  from  solutions  of  terchloride  of  antimony  m  hydrochloric 
acid  a  white  bulky  precipitate  of  basic  chloride  of  antimony 
(powder  of  Algaroth),  SbCl3,5Sb03  [Sb,0,CU],  which  after  some  time 
becomes  heavy  and  crystalline.    Tartaric  acid  dissolves  this  precipitate 
readily,  and  therefore  prevents  its  formation  if  mixed  with  the  solution 
previously  to  the  addition  of  the  water.    It  is  by  this  property  that  the 
basic  terchloride  of  antimony  is  distinguished  from  the  basic  salts  ot 
bismuth  formed  under  similar  circumstances. 

5.  Sulphuretted  hydrogen  precipitates  from  acid  solutions  ot 
the  oxide  (if  the  quantity  of  free  mineral  acid  present  is  not  too  large) 
the  whole  of  the  metal  as  orange-red  amorphous  sulphide  of  anti- 
mony, SbS  [Sb.,SJ.    From  alkaline  solutions,  it  is  not  thrown  down,  or 
at  least  but 'imperfectly  ;  neutral  solutions  also  are  only  imperfectly  pre- 
cipitated.   The  tersulphide  of  antimony  produced  is  readily  dissolved  by 
potassa  or  soda  and  by  alkahne  sulphides,  especially  if  the  latter  contain 
an  excess  of  sulphur ;  it  is  but  sparingly  soluble  in  ammonia,  and,  it  tree 
from  pentasulphide  of  antimony,  almost  insoluble  in  bicarbonate  ot  am- 
monia.  It  is  insoluble  in  dilute  acids,  as  also  in  acid  sulphite  of  potassa. 
Concentrated  boiUng  hydrochloric  acid  dissolves  it,  with  evolution  ot 
sulphuretted  hydrogen  gas.    By  heating  in  the  air,  it  is  converted  into 
a  mixture  of  antimonate  of  oxide  of  antimony  with  tersulphide  ot 
antimony.    By  deflagration  with  nitrate  of  soda,  it  gives  sulphate  and 
antimonate  of  soda.    Sulphide  of  antimony  when  heated  to  redness  m  a 
current  of  chlorine,  or  with  a  mixture  of  5  parts  of  chloride  of  am- 
monium and  1  of  nitrate  of  ammonia,  is  decomposed,  and  volatilizes 
completely.    If  the  operation  is  performed  in  a  glass  tube,  chloride  of 
antimony  sublimes.    If  a  solution  of  tersulphide  of  antimony  in  potassa 
or  in  sulphide  of  potassium  is  boiled  with  oxide  of  bismuth,  sulphide 
of  bismuth  is  precipitated,  and  oxide  of  antimony  remains  dissolved 
in  the  potassa ;  if  the  alkaline  solution  is  boiled  with  oxide  of  copper, 
sulphide  of  copper  is  formed,  and  the  alkaline  solution  contains  anti- 
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monate  of  potassa.  On  fusing  tersulphide  of  antimony  with  cyanide  of 
potassium,  metallic  antimony  and  sulphocyanate  of  potassium  ai-e  pro- 
duced ;  if  the  operation  is  conducted  in  a  small  tube  expanded  into  a 
bulb  at  the  lower  end,  or  in  a  stream  of  carbonic  acid  gas  (see  §  132,  12), 
no  sublimate  of  antimony  is  produced.  If,  however,  a  mixture  of  ter- 
sulphide  of  antimony  with  carbonate  of  soda  or  with  cyanide  of  potassium 
and  carbonate  of  soda  is  heated  in  a  glass  tube  in  a  stream  of  hydrogen 
gas  (compare  §  132,  4),  a  mirror  of  antimony  Ls  deposited  in  the  tube, 
immediately  behind  the  spot  occupied  by  the  mixture. 

From  a  solution  of  antimonic  acid  in  hydrochloric  acid,  sulphuretted 
hydrogen  throws  down  pentasulphide  of  antimony,  SbSj  [Sb.SJ, 
mixed  with  tersulphide  and  sulphur.  The  precipitate  dissolves  readily 
when  heated  with  solution  of  soda  or  ammonia,  but  only  very  sparingly 
in  cold  bicarbonate  of  ammonia ;  it  dissolves  in  concentrated  boiling 
hydrochloric  acid,  with  evolution  of  sulphuretted  hydrogen  gas  and 
separation  of  sulphur. 

6.  Sulphide  of  ammonium  in  solutions  of  teroxide  of  antimony 
produces  an  orange-red  pi-ecipitate  of  sulphide  of  antimony,  which 
readily  redissolves  in  an  excess  of  the  precipitant  if  the  latter  contains 
excess  of  sulphur.  From  this  solution,  acids  throw  down  pentasulphide 
of  antimony,  SbS^  [Sb.SJ  •  the  orange  colour,  however,  in  that  case  is 
usually  of  a  lighter  tint,  owing  to  admixture  with  free  sulphur. 

7.  If  a  solution  of  antimony  oxide  is  added  to  a  solution  of  hypo- 
sulphite of  soda  previously  mixed  with  a  little  aqueous  sulphurous 
acid  (whereby  it  is  turned  yellow),  and  the  whole  heated  to  boilmg, 
the  solution  becomes  turbid,  sulphur  separates  first,  and  then  the  anti- 
mony as  antimony-vermilion,  2SbS3,Sb03  [Sb,S,0]. 

8.  Potassa,  soda,  ammonia,  carbonate  of  soda,  and  carbonate 
of  ammonia  throw  down  a  white  bulky  precipitate  of  oxide  of 
antimony,  from  solutions  of  terchloride  of  antimony,  and  of  simi^le 
salts  of  teroxide  of  antimony,  also  from  solutions  of  tartar  emetic  or 
analogous  compounds,  but  far  less  completely,  and  generally  only  after 
some  time :  this  precipitate  redissolves  pretty  readily  m  an  excess  ot 
potassa  or  soda,  but  requires  the  application  of  heat  for  its  re-solution 
in  carbonate  of  soda,  and  is  almost  insoluble  in  ammonia. 

9  Metallic  zinc  precipitates  from  all  solutions  of  teroxide  ot  anti- 
mony, if  they  contain  no  free  nitric  acid,  metallic  antimony  as  a 
black  powder.  If  a  few  drops  of  a  solution  of  antimony  containing 
some  free  hydrochloric  acid,  are  put  into  a  platinum  capsule  (the  lid  ot 
a  platinum  crucible),  and  a  fragment  of  zinc  is  introduced,  hydrogen  con- 
taining antimoniuretted  hydrogen  is  evolved  and  antimony  sepamtes, 
staining  the  part  of  the  platinum  covered  by  the  liquid  brown  or  black 
even  in  the  case  of  very  chlute  solutions  :  this  reaction  is  recommended 
as  being  equally  delicate  and  characteristic.  Cold  hydrochloric  acid  fails 
to  remove  the  stain,  heating  with  nitric  acid  removes  it  immediately. 

10  If  a  solution  of  oxide  of  antimony  m  solution  of  potassa  or 
soda  is  mixed  with  solution  of  nitrate  of  silver,  a  deep  black  preci- 
pitate, formerly  considered  to  be  suboxide  of  silver,  forms  along  with 
the  gi'ayisli-Wn  precipitate  of  oxide  of  silver  On  now  adding  am- 
monia in  excess,  the  oxide  of  silver  is  dissolved,  whilst  the  black  pre- 
dpSate  is  left  H.  Rose).  According  to  Pillitz,  ^ a  v^nab^^ 
mixture  of  antimony  and  silver,  which,  perhaps,  contains  a  chemical 
Combination  of  the  two.     This  exceedingly  delicate  reaction  aftoid. 
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„„re  especiaUy  an  excellent  mean,  of  detecting  oxide  of  antimony  in 

"^''T'lf^MZoTlL^ie  of  antimony  i.  introduced  i-to  -.  flask 
11.  It  a  soiuuuu  ui  „,r^u,t>rl  from  Dure  zinc  and  dilute 

in  which  .^^^^^  at  the  expense  of 

sulpliuric  acid,  the  zuic  oecoiuB.  u  f  t^l^^at  of  the  oxide 

^f5^  SSlfe  cSe^^eX^r:^^^^^^^ 

antimony  which  i.ise  t  om  ,        j^Q^ever,  a  cold  substance, 

S as  Tpo^cel^^^^^^^  metallic  antimony 

t:XosU  ulln  the  surface  m  a  state  of  the 

formiag  a  deep  black  and  almost  lustreless  spot.  If  the  midc  ie  pait  or 
theTbe  through  which  the  gas  is  passing  is  heated  to  redness  the 
MS  ereen  tint  of  the  flami  decreases  in  intensity  and  a  metalhc 
SSror'of  antimony  of  silvery  lustre  is  formed  within  the  tube  on  both 

under  the  same  — ances  giv^sn^^^^ 
stains  consisting  of  metalhc  arsenic,  it  is  always  necessary  to  caietu  y 
the  spots  produced,  in  order  to  ascertain  whether  they  really 
coS  of  antiLny,  or  contain  any  of  that  metal.   With  stains  deposited 
oH  porcelSn  dish,  the  object  in  Aew  is  most  readily  attained  by  treating 
themCth  a  sottion  of  "kloride  of  soda"  (hypochlorite  of  soda  -^^^^^^ 
with  chloride  of  sodium,  and  prepared  by  adding  carbonate  of  soda  ii 
Scess  to  a  solution  of  chloride  of  lime  and  filtering) ;  this  immediately 
Tsolves  arsenical  stains,  but  leaves  those  proceeding  from  an  imony 
untouched,  or,  at  least,  dissolves  them  only  after  a  very  protracted 
^tion!    A  mirror  within  the  glass  tube,  on  the  other  hand,  may  be 
tested  by  heating  it  whHst  the  current  of  hydrogen  gas  still  continues 
to  pa  s  through  the  tube  :  if  the  mirror  volatihzes  only  at  a  high  tem- 
per'ature,  and%he  hydrogen  gas  then  issuing  ^^om  tlae  tul^e^^^^^ 
smell  of  garlic ;  if  it  is  only  with  a  strong  current  that  the  ignited  gas 
deposits  spots  on  porcelain,  and  the  mirror  before  volatilizing  fuses  to 
small  lustrous  globules  distinctly  discernible  through  a  magnifying 
glass— the  presence  of  antimony  may  be  considered  certam.    Ui  the 
metals  may  be  distinguished  with  great  certainty  by  conducting  through 
the  tube  a  very  slow  stream  of  dry  sulphuretted  hydrogen  gas  and 
heating  the  mirror,  proceeding  in  an  opposite  direction  to  that  ot  the 
current.    The  antimonial  mirror  is  by  this  means  converted  mto  ter- 
sulphide  of  antimony,  which  appears  of  a  more  or  less  reddish-yellow 
colour,  and  almost  black  in  thick  layers.    If  a  feeble  stream  of  dry 
hydrochloric  acid  gas  is  now  passed  through  the  glass  tube,  the  ter- 
sulphide  of  antimony,  if  present  in  thin  layers  only,  disappears  unme- 
diately  ;  if  the  incrustation  is  somewhat  thicker,  it  takes  a  short  time  to 

»  By  the  employment  of  a  platinum  jet,  the  colour  of  the  flame  wiU  be  rendered 
very  distinct. 
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volatilize  it.  The  reason  for  this  is,  that  the  tersulphide  of  antimony 
decomposes  readily  with  hydi'ochloric  acid,  and  the  terchloride  of 
antimony  formed  is  exceedingly  volatile  in  a  stream  of  hydrochloric 
acid  gas.  If  the  gaseous  current  is  now  passed  into  water,  the  presence 
of  antimony  in  the  latter  may  readily  be  proved  by  means  of  .sul- 
phuretted hydrogen.  By  this  combination  of  reactions,  antimony  may 
lae  distinguished  with  positive  certainty  from  all  other  metals. 

The  reaction  which  hydrogen  gas  containing  antimoniuretted 
hydrogen  exhibits  with  solution  of  nitrate  of  silver  and  with  solid 
potassa  will  be  found  in  §  134,  G. 

12.  If  a  solution  of  oxide  of  antimony  in  potassa  or  soda  is  heated 
with  aluminium  or  with  zinc  and  some  magnesium,  hydrogen  is 
evolved  and  all  the  antimony  is  deposited.  No  antimoniuretted  hydro- 
gen is  produced  in  this  reaction,  affording  a  means  of  distinguisliing 
it  from  arsenic,  which,  under  like  conditions,  yields  arseniuretted 
hydrogen  (Hager,  Gatehouse). 

13.  If  a  mixture  of  an  antimony  compound  with  carbonate  of 
soda  and  cyanide  of  potassium  is  exposed  on  a  charcoal  support  to 
the  reducing  flame  of  the  blowpipe,  brittle  globules  of  metallic 
antimony  are  produced,  which  may  be  readily  recognized  by  the 
peculiar  i-eactions  that  mark  their  oxidation  (compare  §  131,  1). 

14.  In  the  upper  reducing  flame  of  the  gas  lamp  (p.  23),  com- 
pounds of  antimony  give  a  greenish-gray  colour,  and  no  odour.  The 
metallic  incrustation  is  black,  sometimes  duU,  sometimes  bright :  the 
incrustation  of  oxide  is  white;  when  moistened  with  neutral  nitrate 
of  silver,  and  then  blown  on  with  ammonia,  it  gives  a  black  spot 
(Bunsen). 

§  132. 

d.  Arsenious  Acid,  ASO3  [AsAl- 

1.  Metallic  arsenic,  when  amorphovis,  is  black  and  lustrous,  in 
the  crystalline  state  it  is  steel-gray  and  of  brilliant  lustre ;  this  it  re- 
tains in  dry  air,  but  loses  in  moist  air,  becoming  covered  with  sub- 
oxide ;  the  metallic  arsenic  of  commerce,  therefore,  looks  rather  dull, 
with  a  dim  bronze  lustre  on  the  planes  of  crystalHzation.  _  Arsenic  is 
not  very  hard,  but  very  brittle  ;  at  a  dull  red  heat,  it  volatilizes  without 
fusion.  The  fumes  have  a  most  characteristic  odour  of  garhc,  which  is 
ascribed  to  the  suboxide  of  arsenic  formed.  Heated  with  free  access  of 
air,  arsenic  burns— with  a  bluish  flame  at  high  temperatures— emittmg 
white  fumes  of  arsenious  acid,  which  condense  on  cold  surfaces.  If 
arsenic  is  heated  in  a  glass  tube  sealed  at  the  lower  end,  the  greater 
part  of  it  volatilizes  unoxidized ;  whilst  in  a  current  of  hydrogen  or  car- 
bonic acid  it  volatihzes  quite  unchanged  and  recondenses  above  the 
heated  spot  as  a  lustrous  black  sublimate  (arsenical  mirror).  This 
nearest  to  the  heated  place  is  usually  ghstening  and  gray  (crystalline), 
whilst  farther  on  it  is  black  and  vitreous  (amorphous).  In  contact 
with  air  and  water,  arsenic  oxidizes  slowly  to  arsenious  acid.  When 
heated  with  dilute  nitric  acid,  it  is  converted  into  arsenious  acid,  wluch 
dissolves  only  sparingly  in  excess  of  the  acid  ;  strong  nitric  acid  converts 
it  partiallv  into  arsenic  acid.  It  is  insoluble  in  hydrochloric  .acid  and 
dilute  sulphuric  acid  ;  concentrated  boiling  sulphuric  acid  oxidizes  it  to 
arsenious  acid,  with  evolution  of  sulphurous  acid  and  aqua  regia  it 
also  yields  arsenic  acid. 
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9  A  r  s  e  n  i  0  u  s  a  c i  d  forms  either  a  transparent  vitreous  or  a  white 
la-ft  mass  or  transparent  colourless  crystals.    By  trituration, 
i  te^.  tl^^^^  powder.    When  heated,  it  volatilizes  in 

whTte  hiodoi  oxi  J  f umes^if  the  operation  is  conducted  in  a  glass  tube 
a  rbli^ate  is  obtained  consisting  of  small  brilhant  octahedrons  and 
tetrXrons.  Arsenious  acid  like  fatty  substances  is  with  di&culty 
moLtened  by  water  ;  it  is  sparingly  soluble  in  cold,  but  more  readily  in 
l  ot  water  It  is  copiously  dissolved  by  hydrochloric  acid,  as  well  as  by 
soluUon  of  soda  and  potassa.  When  boiled  with  nitrohydrochlonc  acid, 
it  dissolves  as  arsenic  acid.    It  is  very  poisonous. 

If  a  small  lump  of  arsenious  acid  {a)  be  introduced  into  the  pom  ed 
end  of  a  drawn-out  glass  tube  (fig.  35),  a  fmgment  of  recently  ignited 
charcoal  (b)  pushed  down  the  tube  to  withm  a  short  distance  ot  the 


Fig.  35. 


arsenious  acid,  and  first  the  charcoal  and  then  the  arsenious  acid  be 
heated  to  redness,  a  mirror  of  metallic  arsenic  will  form  at  c,  owing 
to  the  reduction  of  the  arsenious  acid  vapour  by  the  red-hot  charcoal. 
If  the  tube  be  now  cut  between  b  and  c  and  again  heated  m  an  in- 
cHned  position,  with  the  end  c  turned  upwards,  the  metallic  mirror  will 
volatilize,  emitting  the  odour  of  garlic  so  characteristic  of  arsenic,  ihis 
is  both  the  simplest  and  safest  way  of  detecting  pure  arsenious  acid._ 

3  The  arsenites  are  mostly  decomposed  by  ignition,  either  into 
arsenates  and  metallic  arsenic  which  volatHizes,  or  into  arsenious  acid 
and  the  base  with  which  it  was  combined.  Of  the  arsenites,  those  with 
alkaline  bases  are  alone  soluble  in  water ;  the  insoluble  arsenites  are 
dissolved,  or  at  least  decomposed,  by  hydrochloric  acid._  Anhydrous 
terchloride  of  arsenic  i,s  a  colourless  volatHe  liquid,  fuming  m  the  air  ;  it 
can  be  mixed  with  a  small  quantity  of  water,  but  on  adding  more  water 
it  is  decomposed  into  arsenious  acid,  part  of  which  separates,^  and  hydro- 
chloric acid,  which  retains  the  rest  of  the  arsenious  acid  in  solution. 
When  a  solution  of  arsenious  acid  in  hydrochloric  acid  is  heated  and 
evaporated,  chloride  of  arsenic  escapes  along  with  the  hydrochloric 
acid.  If  the  solution  is  distilled,  the  distillate  contains  the  arsenic  as 
arsenious  acid  dissolved  in  the  dilute  hydrochloric  acid.  _ 

4.  Sulphuretted  hydrogen  colours  aqueous  solutions  of  arsenious 
acid  yellow,  but  produces  no  precipitate ;  neither  does  it  precipitate 
aqueous  solutions  of  neutral  arsenites  of  the  alkalies ;  on  adding  a  strong 
acid,  however,  a  bright  yellow  precipitate  of  tersulphide  of  arsenic, 
As.S,  [As,S3],  is  at  once  formed.  Sulphuretted  hydrogen  produces  the 
same  precipitate  in  the  hydrochloric  acid  solution  of  arsenites  insoluble 
in  water ;  even  a  large  excess  of  hydrochloric  acid  does  not  prevent 
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complete  precipitation.  Alkaline  solutions  are  not  precipitated.  The 
precipitate  is  readily  and  completely  dissolved  by  alkalies,  alkaline 
carbonates  and  bicarbonates,  and  also  by  alkaline  sulphides;  freshly 
precipitated  sulphide  of  arsenic  is  also  soluble  in  the  acid  sulphites  of 
the  alkalies.  It  is,  however,  nearly  insoluble  in  hydrochloric  acid, 
even  if  concentrated  and  boiling.  Boiling  nitric  acid  decomposes  and 
dissolves  the  precipitate  readily. 

The  deflagration  of  tersulphide  of  arsenic  with  carbonate  and  nitrate 
of  soda  gives  rise  to  the  formation  of  arsenate  and  sulphate  of  soda.  If 
the  sulphide  is  heated  with,  a  mixture  of  5  parts  of  chloride  of  ammo- 
nium and  1  of  nitrate  of  ammonia,  it  is  completely  volatilized,  the 
arsenic  being  found  in  the  sublimate  as  chloride  of  arsenic.  When  a 
solution  of  tersulphide  of  arsenic  in  sulphide  of  sodium  or  in  potassa  or 
soda  is  boiled  with  hydrate,  carbonate,  or  basic  nitrate  of  oxide  of 
bismuth,  sulphide  of  bismuth  and  arsenite  of  potassa  are  produced. 
If  a  similar  solution  is  boiled  with  oxide  of  copper,  sulphide  of  copper 
and  arsenate  of  potassa  are  formed. 

If  a  mixture  of  tersulphide  of  arsenic  with  from  3  to  4  parts  of  car- 
bonate of  soda,  made  into  a  paste  with  some  water,  Ls  spread  over 
fragments  of  glass,  and  these,  after  being  well  dried,  are  rapidly  heated 
to  redness  in  a  glass  tube  through  which  a  current  of  dry  hydrogen  gas 
is  passed,  a  large  portion  of  the  arsenic  present  is  reduced  to  the  metalhc 
state  and  expelled  if  the  temperature  is  high  enough.  Part  of  the 
reduced  arsenic  forms  a  metallic  mirror  in  the  tube,  the  remainder  is 
carried  away  suspended  in  the  hydrogen  gas ;  the  minute  particles  of 
arsenic  impart  a  bluish  tint  to  the  flame  when  the  gas  is  kindled,  and 
form  stains  of  arsenic  upon  the  surface  of  a  porcelain  dish  held  m  the 
flame.  Although  this  method  of  reduction  gives  very  accurate  resulte, 
it  does  not  enable  us  to  distinguish  arsenic  from  antimony  with  a  suffi- 
cient degree  of  certainty,  nor  to  detect  arsenic  in  presence  of  antimony 
(compare  §  131,  5),  and  consequently  the  process  described  m  12  ot 
this  article  is  generally  to  be  preferred. 

5  Sulphide  of  ammonium  also  gives  rise  to  the  formation  ot 
tersulphide  of  arsenic.  In  neutral  and  alkaline  solutions  how- 
ever, the  tersulphide  is  not  precipitated,  but  remains  dissolved  as  a 
double  sulphide  of  arsenic  and  ammonium.  On  the  addition  of  an  acid 
to  this  solution,  it  is  immediately  precipitated. 

6  Nitrate  of  silver  does  not  affect  aqueous  solutions  ot  arsenious 
acid,  or  at  the  most  produces  a  trifling  yellowish-white  turbidity;  if 
a  little  ammonia  is  added,  however,  a  yellow  precipitate  ot  arsenite 
of  silver,  3AgO,As03  [Ag3As03],  is  at  once  formed.  The  same  precipi- 
tate is  produced  on  adding  nitrate  of  silver  to  a  solution  of  a  neutml 
arsenite.  The  precipitate  dissolves  readily  in  nitric  acid  as  well  as  in 
ammonia  if  an  alkahne  nitrate  be  present,  and  is  not  msoluble  m  nitmte 
of  ammonia;  if ,  therefore,  a  small  quantity  of  the  precipitate  is  d^- 
solved  in  a  large  amount  of  nitric  acid,  and  the  latter  is  afterwaids 
neutralized  with  ammonia,  the  precipitate  does  not  make  its  appearance 
again,  as  it  remains  dissolved  in  the  nitrate  of  ammonia  formed.  It  an 
ammoniacal  solution  of  arsenite  of  silver  is  heated  to  boiling,  ^ eta  lie 
silver  separates,  the  arsenious  acid  being  converted  into  arsenic  acid 

7.  Sulphate  of  copper  gives  no  precipitate  in 
arsenious  acid,  but  under  the  conditions  just  described  ^ silvei  i  g^ 
a  yellowish-green  precipitate  of  arsenite  of  copper;  this  dissolves  m 
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potassa  or  soda,  forming  a  blue  liquid  from  which  red  cuprous  oxide 

'''Tu::::^^^^on.  add  m  an  excess  of  solution  of  soda 
V  \^  V^  n  .^nlntion  of  an  alkaHne  arsenite  mixed  with  potassa 
Z  C:'::Z^^<S^^^rr^^  solution  of  sulphate  of  copper 
L  added  a  dear  blue  liquid's  obtained,  which  when  boded  deposits 
Tr^d  pieVi^^^^^^  of  cuprous  oxide,  leaving  arsenate  of  potassa  in 
solution  This  reaction  is  exceedingly  delicate,  provided  too  much  of 
the  soL  sulphate  of  copper  is  not  used.    Even  should  the  red 

pr  c  plute  be  so  ex'ceedingly  mTnute  as  to  -cape  detectxon  o^^^^^^^^^^^ 
across  the  tube,  yet  it  will  always  be  discernible  with  great  distinctness 
Tn Toking  down  the  test-tube.  Of  course  this  reaction  although  really 
of  great  importance  in  certain  instances  as  a  confirmatory  proof  of  the 
presence  of  arsenious  add,  and  more  particularly  also  as  a  means  of  dis- 
tinguishing that  acid  from  arsenic  acid,  is  yet  enturely  inapplicable  for 
the^lirect  detection  of  arsenic,  since  grape  sugar  and  other  organic  sub- 
stances also  precipitate  cuprous  oxide  from  salts  of  oxide  of  copper  under 

like  conditions.  ,     .  ,  ■,    ,     1 1    •       •  j  ;„ 

9  If  a  solution  of  arsenious  acid  mixed  with  hydrochloric  acid  is 
heated  with  a  perfectly  clean  slip  of  copper  or  copper-wire,  an  iron-gray 
metallic  film  is  deposited  on  the  copper,  even  in  very  dilute  solutions ; 
when  this  film  increases  in  thickness,  it  peels  oflfm  black  scales  it  tne 
coated  copper,  after  washing  off  the  free  add,  is  heated  with  solution  ot 
ammonia,  the  film  peels  off  from  the  copper,  and  separates  in  the  form 
of  minute  spangles  (Reinsch).  Let  it  be  borne  m  mmd  that  these 
are  not  pure  arsenic,  but  consist  of  an  arsenide  of  copper,  bu  As 
[Cu.As.,]  If  the  substance,  either  simply  dried  or  oxidized  by  ignition 
in  a  current  of  air  (which  is  attended  with  escape  of  some  arsenious 
acid),  is  heated  in  a  current  of  hydrogen,  there  escapes  relatively  but 
little  arsenic,  alloys  richer  in  copper  being  left  beliind  (Fresenius, 
Lip  pert).  It  is  only  after  the  presence  of  arsenic  m  the  alloy  has 
been  fuUy  demonstrated  that  this  reaction  can  be  considered  a  decisive 
■proof  of  the  presence  of  that  metal,  as  antimony  and  other  metals  under 
the  same  circumstances  are  also  precipitated  upon  copper ;  sulphurous 
.acid  also  may  produce  a  black  stain  on  the  copper  (see  p.  193). 

10.  If  an  acid  or  neutral  solution  of  arsenious  acid,  or  any  of  its 
compounds,  is  placed  in  contact  with  zinc,  water,  and  dilute  sul- 
phuric acid  or  hydrochloric  acid,  arseniuretted  hydrogen, 
AsH  [AsHJ,  is  formed,  in  the  same  manner  as  compounds  of  antimony 
under  Hke  conditions  give  antimoniui-etted  hydrogen.  (Compare 
§  131,  10.)  This  reaction  affords  a  most  delicate  test  for  the  detection 
of  even  the  most  minute  traces  of  arsenic. 

The  operation  is  conducted  in  the  apparatus  illustrated  by  fig.  36, 
or  in  one  of  similar  construction.*  a  is  the  evolution  flask,  b  a  bulb 
intended  to  receive  the  water  carried  over  with  the  current  of  gas,  c  a 
tube  filled  with  cotton  wool  and  small  lumps  of  chloride  of  calcium  for 
drying  the  gas  t  This  tube  is  connected  with  b  and  cl  by  pieces  of  india- 
rubber  tube  which  have  been  boiled  in  solution  of  soda ;  d  should  have 
an  inner  diameter  of  7  mm.  (fig.  37),  and  must  be  made  of  difficultly 

The  author  uses  the  very  convenieut  form  of  Marsh's  apparatus  recom 
mended  by  Otto  in  his  excellent  "  Lehrbuch  der  Chemie." 

t  A  bulb-tube  containing  sulphuric  acid  may  also  be  used  for  drying  the  gas 
(Lyttkens,  Lenz)- 
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fusible  glass  free  from  load.  In  experiments  requiring  great  acciu-acy 
the  tube  should  be  drawn  out  as  shown  in  fig.  36,  The  experiment  is 
commenced  by  evolving  in  a  a  moderate  and  uniform  current  of  hydrogen 
from  pure  granulated  zinc  and  pure  sulphuric  acid  diluted  -with  3  parts 
of  water ;  the  addition  of  a  few  drops  of  chloride  of  platinum  will  be 
found  useful.  When  the  evolution  of  hydrogen  has  proceeded  for  some 
time,  so  that  it  may  safely  be  concluded  that  the  air  has  been  completely 
expelled  from  the  apparatus,  the  gas  is  kindled  at  the  open  end  of  the 
tube  d.  It  is  advisable  to  wrap  a  piece  of  cloth  round  the  flask  before 
applying  a  light  to  the  gas,  so  as  to  guard  against  accidents  in  case  of 


Fig.  36. 

an  explosion.  It  is  necessary  first  to  ascertain  whether  the  zinc  and 
the  sulphuric  acid  are  qiiite  free  from  arsenic.  This  is  done  by  holding 
a  porcelain  dish  in  the  flame  so  that  the  flame  spreads  over  the  surface 
of  the  porcelain :  if  the  hydrogen  contains  arseniuretted  hydrogen, 
brownish  or  brownish-black  stains  of  arsenic  will  appear  on  the  porce- 
lain ;  if  there  are  no  such  stains,  the  zinc  and  sulphuric  acid 
may  be  considered  as  free  from  arsenic.  In  very  accurate 
experiments,  however,  the  part  of  the  tube  d  shown  in  fig.  36 
must  be  heated  to  redness  for  some  time ;  no  arsenical  coating 
should  make  its  appearance  in  the  narrowed  part  of  the  tube. 
Having  ascertained  in  this  way  that  the  reagents  employed 
are  free  from  arsenic,  the  solution  to  be  tested  for  arsenic  is  poured 
through  the  funnel  tube  into  the  flask,  and  afterwards  some  w^ater  to 
rinse  the  tube.  Only  a  very  little  of  the  solution  should  be  poured  in 
at  first,  as  in  cases  where  the  quantity  of  arsenic  present  is  consider- 
able, and  too  much  of  the  solution  is  poured  into  the  fiask  at  once,  the 
gas  is  often  evolved  with  such  violence  as  to  stop  the  further  progress 
of  the  experiment. 

If  the  solution  contains  an  oxygen  compound  of  arsenic,  or  ai-senic 
in  combination  with  a  salt  radicle,  arseniuretted  hydrogen  is  evolved 
along  with  the  hvdrogen,  and  imparts  a  bluish  tint  to  the  flame,  owing 
to  the  combustion  of  the  arsenic  in  the  arseniuretted  hydrogen.  At 


Fig.  37. 
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rfl.r  a,ei^^  Sd  and  Xet  ;-eox&i.ea  a..e„ic  condense.  „po. 
the  name,  ^^^^^^F  .       •         j^^anner  to  antimony  (see  §  131, 

m  '  Tlifs 'xinHtiSed  ^  av  enic,  however,  are  more  of  a  brownish- 
ifik  tint  arbS  meUllic  lustre;  the  antimonial  spots,  on  the 
black  tint,  and  "J^*"^        ,    ,      ^  ^        The  arsenical,  moreover, 

^SbS^^sSl^f^Siriial  s..insby solution  of^^oride 
Kda''  (hypochlorite  of  soda  and  chloride  of  sodium,  compare  §  131,11) , 
lis  wm  at^once  dissolve  the  arsenical  stains,  leaving  antimonial  stains 
unaffected  or  removing  them  only  after  a  considerable  time, 
unaffected,  01^^^      the"  tube  d  shown  in  fig.  36  is  heated,  a  b-lW 

arsenical  mLor  makes  its  appearance  in  the  Tlet  sflvt^' 

behind  the  heated  part;  this  mirror  is  darker  and  of  a  le..  silveiy- 
white  hue  than  that  produced  by  antimony  under  similar  cn^cum^^^^^ 
l  is  moreover  distinguished  from  the  latter  by  the  facihty  with  which 
it  may  be  volatilized  in  a  current  of  hydrogen  gas  without  previous 
fusion  and  by  the  characteristic  arsenical  garlic  odour  emitted  by  the 
escaping  (unkindled)  gas.  If  the  gas  is  kindled  whilst  the  mm-or  m 
the  tube  is  being  heated,  the  flame  will  deposit  arsenical  stains  on  a 
porcelain  plate  even  with  a  very  sHght  current  of  gas.  ^  . 

The  reactions  and  properties  just  described  are  amply  sufficient  to 
enable  us  to  distinguish  between  arsenical  and  antimonial  stains  and 
mirrors;  but  they  will  often  fail  to  detect  arsenic  with  positive  cer- 
tainty in  presence  of  antimony.  In  cases  of  this  kind,  the  following 
process  will  serve  to  set  at  rest  aU  possible  doubt  as  to  the  presence  or 

absence  of  arsenic : —  ,    ,     x   ^  i  •  •  • 

The  long  tube  through  which  the  gas  to  be  tested  m  passing  is 
heated  to  redness  in  several  parts,  so  as  to  produce  strong  metallic 
mii-rors  •  a  very  feeble  current  of  dry  sulphuretted  hydrogen  gas  is 
then  passed  through  the  tube,  and  the  metaUic  mirrors  are  heated,  pro- 
ceeding from  the  outer  towards  the  inner  border.    If  arsenic  alone  is 
present,  yeUow  tersulphide  of  arsenic  is  formed  in  the  tube  ;  if  antimony 
alone  is  present,  orange-red  or  black  tersulphide  of  antimony  is  pro- 
duced; but  if  the  mirror  consists  of  both  metals,  the  two  sulphides 
appear  side  by  side,  the  sulphide  of  arsenic  as  the  more  volatile  lying 
invariably  before  the  sulphide  of  antimony.    If  dry  hydrochloric  acid 
gas  is  now  passed  through  the  tube  containing  the  sulphide  of  arsenic 
or  the  sulpHde  of  antimony,  or  both  sulphides  together,  without  apply- 
ing heat,  no  alteration  will  take  place  if  sulphide  of  arsenic  alone  is 
present,  even  though  the  gas  be  passed  through  the  tube  for  a  con- 
siderable time.     If  sulphide  of  antimony  alone  is  present,  this  will 
entirely  disappear,  as  already  stated,  §  131,  11,  and  if  both  sulphides 
are  present,  the  sulphide  of  antimony  will  immediately  volatihze,  whilst 
the  yellow  sulphide  of  arsenic  will  remain.    If  a  small  quantity  of 
ammonia  solution  is  now  drawn  into  the  tube,  the  sulphide  of  arsenic  is 
dissolved,  and  may  thus  be  readily  distinguished  from  sulphur  which 
may  have  separated.    These  combined  tests  are  infallible  for  the  detec- 
tion of  arsenic. 

The  reaction  of  hydrogen  containing  arseniuretted  hydrogen  witli 
solution  of  nitrate  of  silver  will  be  found  in  §  134,  6. 

Marsh  was  the  first  who  suggested  the  method  of  detecting  arsenic 
by  the  production  of  arseniuretted  hydrogen. 


174 


AESENIOUS  ACID. 


11.  On  adding  a  few  drops  of  a  solution  of  stannous  chloride  to 
about  5  c.c.  of  fuming  hydrochloric  acid,  and  then  a  few  drops  of  a 
solution  of  arsenioiis  acid  or  an  arsenite,  the  arsenious  acid  is  reduced, 
and  a  brownish-black  precipitate  of  arsenic  containing  tin  is 
obtained  (Bettendorf ).  This  reaction  which  takes  place  slowly  in 
the  cold  but  rapidly  on  heating  is  very  delicate,  but  only  takes  place  in 
the  presence  of  excess  of  fuming  hydrochloric  acid.  If  the  sp.  gr.  of  the 
hydrochloric  acid  which  contains  the  arsenic  is  less  than  1-123,  the 
precipitation  is  either  incomplete  or  does  not  take  jjlace  at  all.  If  it  in 
necessary  to  frequently  test  for  arsenic  by  this  method,  a  solution  of 
stannous  chbride  in  the  most  concentrated  hydrochloric  acid  (38  per 
cent.)  should  be  kept  made  up  (oxide  of  antimony  is  not  reduced  under 
similar  circumstances). 

12.  If  arsenites,  or  arsenious  acid,  or  tersulphide  of  arsenic  are 
fused  with  a  mixture  of  3  parts  of  dry  carbonate  of  soda  and  1  of 
cyanide  of  potassium,  the  whole  of  the  arsenic  is  reduced  to  the 
metallic  state,  and  so  is  the  base  also,  if  easily  reducible  ;  the  eliminated 
oxygen  converting  part  of  the  cyanide  of  potassium  into  cyanate  of 
potassa.  In  the  reduction  of  tersulphide  of  arsenic,  sulphocyanate  of 
potassium  is  formed.  If  the  operation  is  performed  in  a  convenient 
apparatus,  all  the  arsenic  in  arsenious  acid  or  in  tersulphide  of  arsenic 
is  volatilized  and  deposited  as  a  mirror.  With  arsenites,  however,  a 
mirror  is  only  obtained  when  the  base  remains  either  altogether  un- 
aflfected,  or  is  reduced  to  a  metallic  arsenide  which  loses  its  arsenic 
partly  or  totally  on  being  strongly  heated.  This  method  of  reducing 
arsenic  compounds  with  cyanide  of  potassium  is  to  be  particularly  re- 
commended on  account  of  its  simplicity  and  neatness,  as  well  as  for  the 
accuracy  of  the  results  attainable  by  it,  even  in  cases  where  only  very 
minute  quantities  of  arsenic  are  present.  It  is  more  especially  adapted 
for  directly  obtaining  arsenic  from  tersulphide  of  arsenic,  and  is  in  this 
respect  superior  in  simplicity  and  accuracy  to  all  other  methods  hitherto 
suggested.  Formerly,  when  glass  tubes  were  free  from  arsenic,"  the 
experiment  could  be  performed  quite  safely  in  a  glass  tube  with  a  small 
bulb  blown  at  the  lower  end,  or,  better  still,  in  a  tube  drawn  out  to  a 
long  point,  through  which  a  slow  stream  of  carbonic  anhydride  was 
passed ;  at  present,  however,  as  almost  all  commercial  glass  tubing 
contains  arsenic,*  the  reduction  must  be  performed  in  such  a  manner 
that  the  fused  mixture  of  potassium  cyanide  and  sodium  carbonate 
shall  not  come  in  contact  with  the  glass.  The  apparatus  devised  by 
L.  v.  Babo  and  the  author,  described  in  the  ear  Her  edition,  has  in  con- 
sequence been  somewhat  modified,  and  is  constructed  as  shown  in  fig.  38. 
a,  b,  is  a  Kipp's  apparatus  for  the  preparation  of  carbonic  anhydride,t 
containing  marble  and  pure  dilute  hydrochloric  acid ;  c,  a  wash-bottle, 
containing  pure  concentrated  sulphuric  acid  for  drying  the  carbonic 
anhydride ;  d,  a  tube  of  hard  glass  free  from  lead,  and  which  may  be 
made  of  a  piece  of  combustion  tube  ;  the  tube  is  shown  half  its  natural 
size  in  fig.  39,  and  must  be  sufl&ciently  large  in  the  bore  to  admit  of  the 
insertion  of  a  porcelain  boat  (represented  in  fig.  40  of  the  natural  size) 
containing  the  mixture  to  be  fused. 

»  Compare  W.  Fresenius,  Der  Arsengeltalt  des  Glases  als  eine  FeJiIerqueUe  hei 
der  Nachweisung  von  Arsen,  Zeit.  anal.  Chem.,  22,  397.  . 

t  Instead  of  Kipp's  any  other  apparatus  for  giving  off  carbonic  anhydride  m 
■which  the  stream  of  gas  can  be  accurately  regulated  by  a  tap  will  do  equally  well. 
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When  the  apparatus  is  arranged  and  filled  with  carbonic  anhydride, 
the  ai-seuic  sulphide  or  arsenite,  completely  dried  i^  rubbed  up  m  a  warm 
poLSn  mortar  with  12  parts  of  a  carefully  dried  mixture  of  3  parts 
?f  sodium  cS  and  1  part  of  potassium  cyanide  completely  free 
fro  r  arsenic  46  and  §  54) ;  the  mixture  is  then  transferred  to  the 
poTelSXt  fig^  which  i;  inserted  into  the  reduction  tube  m  the 
^0  Srshown  at  d,  fig-  38.    The  tube  is  then  connected  with  the  wash- 


Fig.  38. 

bottle,  a  gentle  stream  of  carbonic  anhydride  is  allowed  to  pass  by 
opening  the  tap  e  (fig.  38),  and  the  mixture  in  the  boat  is  most  care- 
fully dried  by  gently  warming  both  the  boat  and  the  tube  beyond  with 
a  burner.    When  every  trace  of  water  has  disappeared  from  the  tube, 


the  stream  of  gas  is  reduced  until  one  bubble  about  passes  through  the 
sulphuric  acid  per  second.  The  front  of  the  broad  part  of  the  tube 
just  before  it  narrows  is  then  heated  to  redness  with  a  gas  flame/,  and  as 
soon  as  it  is  red  hot,  the  boat  itself  is  also  heated  by  means  of  the  lamp  g, 
moderately  at  first,  so  that  the  fused  mass  shall  not  spirt,  and  finally 


Fig.  40. 

strongly  and  continuously  until  all  the  arsenic  is  expelled.  Should 
any  of  the  arsenic  have  collected  in  the  wider  part  of  the  tube,  it  is 
heated  and  driven  forward  to  the  narrow  neck.    Almost  the  whole 
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of  the  reduced  arsenic  is  then  found  as  a  metalHc  mirror  (fig.  41) 
beyond  tliat  portion  of  tlie  tube  heated  to  redness  by  the  lamp 
fig.  38,  which  mvTSt  not  be  removed  during  the  operation.  A  small 
quantity  escapes,  liowevei",  tlii-ough  the  nai-row  portion  of  the  tube  and 
gives  rise  to  a  garlic-like  odoui-.  Finally  the  tube  may  be  sealed  at  the 
nari'ow  end  and  the  mirror  heated  cautiously  and  driven  into  the  wider 


Fig.  41. 

part  of  the  tube,  when  it  exhibits  a  remarkably  fine  metallic  appearance. 
By  this  method  as  little  as  0-01  of  a  milligram  of  arsenious  acid  yields 
a  distinct  arsenical  mirror.*  Antimony  sulphide  and  other  antimony 
compounds  do  not  yield  a  mirror  when  treated  in  a  similar  mannei-. 

13.  If  arsenious  acid  or  one  of  its  compounds  is  exposed  on  charcoal 
to  the  reducing  flame  of  the  blowpipe  a  highly  characteristic  garlic 
odour  is  emitted,  more  especially  if  some  carbonate  of  soda  is  added. 
This  odovxr  has  its  origin  in  the  reduction  and  re-oxidation  of  the  arsenic, 
and  enables  us  to  detect  very  minute  quantities.  This  test,  however, 
like  all  others  based  upon  the  mere  indications  of  the  sense  of  smell, 
cannot  be  implicitly  relied  on. 

§  133. 

c.  Arsenic  Acid,  AsO.  [AsAl- 

1.  Arsenic  acid  in  the  anhydrous  state  (arsenic  anhydride)  is  a 
colourless  or  white,  vitreovis,  fusible  mass,  dissolving  slowly  in  cold  water, 
but  more  rapidly  in  hot.  When  heated  to  redness,  it  is  decomposed  into 
oxygen  and  arsenious  acid.  Crystallized  from  its  aqueous  solution  at  a 
low  temperature,  it  forms  a  hydrate  of  arsenic  acid,  3IIO,As05  +  aq 
[2H3As04  +  H.^O]j  in  the  form  of  deliquescent,  transparent,  colourless 
prisms,  which  lose  their  water  of  crystallization  at  100°  C. 

By  heating  at  180°,  hydrate  of  pyroarsenic  acid,  2HO,AsO_- 
[H^As^,],  is  obtained  ;   at  206°,  hydrate   of   metarsenic  acid, 
'    HOjAsOj  [HASO3] ;  and  at  a  little  below  redness,  the  anhydride.  All 
the  hydrates  are  soluble  in  water,  forming  normal  arsenic  acid.  Ai-senic 
acid  acts  as  a  poison. 

2.  The  arsenates  correspond  with  the  hydrated  acids  in  composition. 
There  are,  therefore,  distinct  salts  of  arsenic,  pyroarsenic  and  metarsenic 
acids.  The  salts  of  arsenic  acid  correspond  with  those  of  phosphoric 
acid,  forming  normal,  monobasic,  or  bibasic  salts  accordingly  as  they 
contain  3  equivalents  of  the  base  and  no  basic  water,  2  equivalents  of 
the  base  and  1  equivalent  of  basic  water,  or  1  equivalent  of  the  base 
and  2  of  basic  water.  The  salts  of  the  alkalies  and  the  acid  salts  of 
the  alkaline  earths  are  soluble  in  water;  all  the  other  arsenates  are 
soluble  in  hydrochloric  or  nitric  acids.  The  anhydrous  salts  of  arsenic 
acid  containing  fixed  bases  are  not  decomposed  when  heated  to  redness. 

A  solution  of  arsenic  acid  or  of  an  arsenate  in  hydrochloric  acid  may 

*  Compare  W.  Fresenius,  Ueler  die  richiige  Ausfuhrum/  unci  die  Empfind- 
UchJceit  der  Fresenius-Babo'schen  Methode  ziir  Nachiocisuny  dcs  Arsens,  Zeit.  anal. 
Chera.  20,  531. 
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be  boiled  for  a  long  time  without  losing  chloride  of  arsenic,  pi-ovided  too 
much  hydrochloric  acid  is  not  present.  But  when  the  residual  liquid 
contains  about  half  its  volume  of  hydrochloric  acid  of  specific  gi^avity  1  -12, 
traces  of  terchloride  of  arsenic  begin  to  escape  with  the  hydrochloric  acid. 
On  the  other  hand,  when  arsenic  acid  is  heated  with  concentrated  hydro- 
chloric acid,  chloride  of  arsenic  and  chlorine  escape.  If  arsenic  acid  is 
distiUed  ^vith  diluted  (20  per  cent.)  hydrochloric  acid  and  ferrous  chloride, 
the  arsenic  is  found  in  the  distillate  as  arsenious  acid. 

3.  Sulphuretted  hydrogen  does  not  precipitate  either  alkaline  or 
neutral  solutions ;  and  in  acidified  solutions  in  the  cold  it  gives  rise  to 
no  precipitate  at  first.  On  long  standing,  however,  reduction  of  the 
arsenic  acid  to  arsenious  acid  takes  place  with  separation  of  sulphur, 
and  then  tersulphide  of  arsenic  is  precipitated.  This  reaction  continues 
until  the  whole  of  the  arsenic  is  thrown  down  as  tersulphide,  mixed 
with  2  equivalents  of  sulphur  ( Wackenroder,  Ludwig,  H.  Eose). 
If,  however,  a  rapid  current  of  sulphuretted  hydrogen  is  passed  into  the 
acidified  solution  of  arsenic  acid  at  a  temperature  of  70°,  a  yellow  precipi- 
tate of  pentasulphide  of  arsenic,  AsS^  [As.,SJ,  is  produced  (Bunsen), 
or  else  a  mixture  of  pentasulphide,  tersulphide,  and  sulphur.  If  a  solution 
of  arsenic  acid,  or  of  an  arsenate,  is  mixed  with  sulphurous  acid,  or  with 
sulphite  of  soda  and  some  hydrochloric  acid,  the  sulphurous  acid  is  con- 
verted into  sulphuric  acid,  and  the  arsenic  acid  reduced  to  arsenious  acid; 
heat  accelerates  the  reaction.  If  sulphuretted  hydrogen  is  now_  added, 
the  whole  of  the  arsenic  is  immediately  thrown  down  as  tersulphide. 

4.  Sulphide  of  ammonium  converts  the  arsenic  acid  in  neutral  and 
alkaKne  solutions  of  arsenates  into  pentasulphide  of  arsenic ;  this  remains 
in  solution  as  a  salt  of  pentasulphide  of  arsenic  and  sulphide  of  ammonium. 
On  adding  an  acid  to  the  solution,  this  salt  is  decomposed,  and  penta- 
sulphide of  arsenic  is  precipitated.  The  separation  of  this  precipitate 
proceeds  more  rapidly  than  is  the  case  when  acid  solutions  of  arsenates 
are  precipitated  with  sulphuretted  hydrogen.  It  is  promoted  by  heat. 
The  precipitate  formed  is  pentasulphide  of  arsenic,  and  not  a  mixture  of 
arsenic  tersulphide  with  sulphur. 

5.  Nitrate  of  silver  in  solutions  of  arsenic  acid  and  of  the  arsenates 
of  the  alkalies  produces  a  highly  characteristic  reddish-brown  precipitate 
of  arsenate  of  silver,  3AgO,AsO(.  [AgjAsOJ ;  this  is  readily  soluble 
in  dUute  nitric  acid  and  in  ammonia,  and  also  to  some  extent  in  nitrate 
of  ammonia.  If  the  precipitate  is  dissolved  in  a  httle  nitric  acid  and 
dilute  ammonia  is  poured  on  to  the  solution,  precipitation  takes  place 
at  the  surface  of  contact  of  the  two  hquids,  forming  a  coloured  ring. 
The  addition  of  acetate  of  soda  increases  the  delicacy  of  the  reaction. 
If,  however,  a  Httle  of  the  precipitate  is  dissolved  in  a  large  proportion 
of  nitric  acid,  neutralization  with  ammonia  often  fails  to  reproduce  the 
precipitate.  The  ammoniacal  solution  of  arsenate  of  silver  does  not 
deposit  silver  when  boiled  (difference  between  arsenic  and  arsenious 
acids). 

6.  Sulphate  of  copper  produces  no  precipitate  in  an  aqueous  solu- 
tion of  arsenic  acid.  On  adding  an  alkali,  a  greenish-blue  precipitate  of 
arsenate  of  copper  is  formed;  this  is  soluble  in  excess  of  potassa  or 
soda  to  a  pale  blue  liquid.    No  cuprous  oxide  is  formed  on  boiling. 

7.  If  a  dilute  solution  of  arsenic  acid  mixed  with  some  hydrochloric 
■acid  is  heated  with  a  clean  slip  of  copper,  the  metal  remains  perfectly 
■clean  ("Wert her,  Reinsch);  but  if  to  1  volume  of  the  solution 

QUAL.  N 
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2  volumes  of  concentrated  hydrochloric  acid  are  added,  a  gray  film  ia 
deposited  on  the  copper,  as  in  the  case  of  arsenious  acid.  The_  rea<;tion 
is  under  these  circumstances  equally  delicate  as  with  arsenious  acid 
(Reinsch). 

8.  If  a  solution  of  arsenic  acid,  or  of  an  arsenate  soluble  in  water, 
is  added  to  a  clear  mixture  of  sulphate  of  magnesia,  chloride  of 
ammonium,  and  a  sufficient  quantity  of  ammonia,  a  crystalline  pre- 
cipitate of  arsenate  of  ammonia  and  magnesia, 

2MgO,NHp,As05  +  12aq  [IVIgNH,AsO„6H,0], 
separates  immediately  from  concentrated  solutions  ;  from  dilute  solutions 
only  after  some  time.  If  a  small  portion  of  the  precipitate  is  dissolved 
on  a  watch-glass  in  a  drop  of  nitric  acid,  a  little  nitrate  of  silver  added, 
and  the  solution  touched  with  a  glass  rod  dipped  in  ammonia,  brownish- 
red  arsenate  of  silver  is  formed.  Or  if  a  small  portion  of  the  precipitate 
is  dissolved  in  hydrochloric  acid,  and  sulphuretted  hydrogen  is  passed 
into  the  warm  solution,  a  yellow  precipitate  is  formed.  (Differences 
between  arsenate  and  phosphate  of  magnesia  and  ammonia.)  ^ 

9.  If  a  small  quantity  of  a  solution  of  arsenic  acid  or  of  an  arsenate 
is  added  to  a  few  c.c.  of  a  solution  of  molybdate  of  ammonia  in  nitrio 
acid,  no  precipitate  is  formed  in  the  cold  even  on  long  standing.  If  the 
mixture  be  heated,  however,  a  bright  yellow  precipitate  of  arseno- 
molybdate  of  ammonia  will  be  formed.  This  is  soluble  in  ammonia; 
in  the  solution  thus  formed,  the  magnesia  mixture  produces  the  reaction 

described  in  8.  i     1 1    •      •  i 

10.  With  stannous  chloride  and  concentrated  hydrochloric  acid, 
with  zinc  in  presence  of  sulphuric  acid,  with  cyanide  of  potassium, 
and  before  the  blowpipe,  the  compounds  of  arsenic  acid  behave  in  the 
same  way  as  those  of  arsenious  acid.  If  the  reduction  of  arsenic  acid 
by  zinc  is  effected  in  a  platinum  capsule,  the  platinum  does  not  turn 
black  (difference  from  antimony). 

§  134. 

Recapitulation  and  Remarks. 

Several  different  methods  may  be  employed  for  the  detection  of  the 
metals  of  the  second  section  of  the  sixth  group  in  mixtures  or  solutions, 
which  contain  several  or  all  of  them  ;  no  advice  can  be  given  as  to  which 
is  the  best,  as  one  or  the  other  method  may  be  preferable  according  to 
the  proportion  in  which  the  metals  are  present,  and  as  to  whether  yeiy 
great  accuracy,  or  rapidity  in  obtaining  the  results,  is  the  primary  object. 
The  different  ways  of  effecting  the  detection  or  separation  of  tin  anti- 
mony, and  arsenic,  when  present  together,  will  be  fii'st  described  and 
afterwards  the  means  of  distinguishing  between  the  several  oxides  of 

the  three  met^s^^^^^  contains  sulphide  of  tin,  sulphide  of  antimony, 
and  sulphide  of  arsenic,  1  part  of  it  is  triturated  with  1  part  of  dry  car- 
bonate of  soda  and  1  of  nitrate  of  soda,  and  gradually  added  to  2  parts 
of  Sate  of  soda  kept  in  a  state  of  fusion  in  a  small  porcelain  crucible 
at  a  not  over-strong  heat ;  oxidation  of  the  sulphides  takes  place, 
:  tended  Si  slight'  deflagration.  The  ^^-^  contains^^b^^^^ 
of  tin,  arsenate  Ld  antimonate  of  soda,  with  ^^IP^^^^*^'. Jl^J^^f^,^ 
nitrat;  and  nitrite  of  soda.  Care  must  be  taken  ^^^^^^^^^^ 
to  such  a  degree,  or  to  continue  the  fusion  so  long,  as  to  lead  to  a  re 


§  134.]  EECAPITULATION.     GROUP  VL    DIV.  II.  179 

auction  of  the  nitrite  of  soda  to  caustic  soda,  otherwise  stannate  of  soda 
woukl  be  formed  sokible  in  water.  On  treating  the  mass  with  a  Httle 
cold  water,  stannic  oxide  and  antimonate  of  soda  remaui  undissolved, 
whilst  arsenate  of  soda  and  the  other  salts  pass  into  solution.  If  the 
filtrate  is  acidified  with  nitric  acid,  and  heat  is  applied  to  remove  car- 
bonic and  nitrous  acids,  the  arsenic  acid  may  be  detected  and  separated, 
either  with  nitrate  of  silver,  according  to  §  133,  5,  or  with  a  mixture  of 
sulphate  of  magnesia,  chloride  of  ammonium,  and  ammonia,  according 
to  §  133,  8,  or  as  arsenomolybdate  of  ammonia,  9. 

'The  undissolved  residue,  consisting  of  stannic  oxide  and  antimonate 
of  soda,  after  being  washed  once  with  cold  water  and  three  times  with 
dilute  spirits  of  wine,  is  treated  with  some  hydrochloric  acid  in  the  lid 
of  a  platinum  crucible,  and  a  gentle  heat  applied ;  the  mass  either  com- 
pletely dissolves,  or,  if  the  tin  is  present  in  large  proportion,  a  white 
residue  is  left.  In  either  case,  if  a  fragment  of  zinc  is  added,  the  com- 
pounds will  be  reduced  to  the  metallic  state,  and  the  antimony  will  be 
at  once  detected  by  its  blackening  the  platinum.  If,  after  the  evolution 
of  hydrogen  has  nearly  ceased,  the  remainder  of  the  zinc  is  taken  away, 
the  chloride  of  zinc  solution  carefully  decanted,  and  the  contents  of  the 
lid  heated  with  a  little  hydrochloric  acid,  the  tin  wiU  dissolve  as  stannous 
chloride,  whilst  the  antimony  will  be  left  in  the  form  of  black  flakes.- 
The  tin  may  then  be  tested  for  in  the  solution  by  mercuric  chloride, 
or  by  a  mixture  of  ferric  chloride  with  ferricyanide  of  potassium,  and 
the  antimony,  after  dissolving  it  in  a  little  tartaric  and  nitric  acid,  with 
sulphuretted  hydrogen.  As  this  method  of  detecting  arsenic,  tin,  and 
antimony  in  presence  of  each  other  is  adopted  in  the  systematic  course 
of  analysis,  the  principle  only  upon  which  it  is  based  is  here  explained, 
the  details  of  the  process  being  given  in  §  192. 

2.  If  the  mixed  sulphides,  after  being  freed  from  the  greater  part 
of  the  adhering  water,  by  laying  the  filter  containing  them  on  blotting 
paper,  are  treated  with  fuming  hydrochloric  acid,  at  a  gentle  heat, 
the  sulphides  of  antimony  and  tin  dissolve,  whilst  the  sulphide  of 
arsenic  is  left  almost  completely  undissolved.  By  treating  this  with 
ammonia,  and  evaporating  the  solution  obtained,  with  addition  of  a 
small  quantity  of  carbonate  of  soda,  an  arsenical  mirror  may  easily  be 
produced  from  the  residue,  by  means  of  cyanide  of  potassium  and  car- 
bonate of  soda  in  a  stream  of  carbonic  acid  gas  (§  132,  12),  The 
solution  containing  the  tin  and  the  antimony  may  be  evaporated  in  the 
water-bath  after  the  addition  of  chloride  of  sodium,  and  treated  with 
zinc  as  in  1. 

If  a  great  excess  of  antimony  is  present,  the  latter  solution  may  be 
mixed  with  sesquicarbonate  of  ammonia  in  excess,  and  boiled ;  the 
greater  portion  of  the  antimony  will  remain  in  solution,  leaving 
stannic  oxide,  mixed  with  a  little  teroxide  of  antimony ;  the  tin  may 
now  be  more  readily  detected  in  this  residue  by  the  method  given  in  1 
(Bloxam). 

3,  If  the  mixed  sulphides  are  digested  at  a  gentle  heat  with  some 
common  solid  carbonate  of  ammonia  and  water,  sulphide  of  arsenic  dis- 
solves, whilst  the  sulphides  of  antimony  and  tin  remain  undissolved ; 
thLs  separation,  however,  is  not  quite  complete,  as  traces  of  svilphide  of 
antimony  are  apt  to  pass  into  the  solution,  whilst  some  sulphide  of 
arsenic  remains  in  the  residue.  The  sulphide  of  arsenic  precipitated 
from  the  alkaline  solution  by  hydrochloric  acid,  therefore,  especially  if 
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it  consists  of  a  few  flakes  only,  must  be  washed,  treated  with  ammonia, 
the  solution  evaporated,  with  addition  of  a  small  quantity  of  carbonate 
of  soda,  and  the  residue  fused  with  cyanide  of  potassium  in  a  stream  of 
carbonic  acid,  so  as  to  obtain  an  arsenical  mirror.  The  residue,  insoluble 
in  carbonate  of  ammonia,  should  be  treated  as  directed  in  2. 

4.  The  sulphide  of  antimony,  sulphide  of  tin,  and  sulphide  of  arsenic 
are  dissolved  in  boiling  sulphide  of  sodium,  avoiding  unnecessary  excess, 
and  oxide  of  copper  is  added,*  during  continuous  boiling,  in  quantity 
sufficient  to  desulphurize  the  sulphides.    When  the  copper  sulphifle 
has  settled  to  the  bottom  as  a  heavy  powder,  and  the  supernatant  Hquid 
has  become  colourless,  it  is  filtered  whilst  still  warm.    The  solution, 
which  contains  sodium  arsenate,  antimonate,  and  stannate,  on  cooling 
deposits— if  much  antimony  be  present— a  white,  granular  precipitate 
of  sodium  antimonate.    The  cooled  solution  is  mixed  with  one-fourth 
to  one-third  of  its  volume  of  alcohol  to  precipitate  the  sodium  antimo- 
nate remaining  in  solution,  and  after  some  time  this  Is  collected  on  a 
filter,  and  the  filtrate,  which  is  turbid  at  first,  is  poured  back  on  to  the 
filter  several  times.    The  clear  filtrate  is  then  heated  to  drive  off  the 
alcohol,  and  an  excess  of  a  concentrated  solution  of  chloride  of  ammo- 
nium is  added.    If  this  produces  a  precipitate,  tin  is  present  in  large 
quantity ;  and  if  the  solution  also  contains  arsenic  acid,  it  will  be  found 
in  the  precipitate,  either  in  part  or  entirely.    Without,  however,  paying 
any  regard  to  whether  a  precipitate  is  formed  by  chloride  of  ammonmm 
or  not,  some  ammonia  is  added,  and  sulphuretted  hydrogen  passed  in 
until  the  solution  is  clear  or  only  turbid  from  the  presence  of  whitish 
flocks  of  silica  and  alumina.    The  solution,  filtered  if  necessary,  is  mixed 
with  one-third  of  its  volume  of  aqueous  ammonia,  the  magnesia  mixture 
described  in  §  133,  8,  is  added,  and  the  whole  is  allowed  to  remain  for 
an  hour,  when  the  arsenic  separates  as  arsenate  of  ammonia  and  mag- 
nesia.   The  filtrate  from  this  precipitate  is  acidified  with  hydrochloric 
acid,  when  the  tin  separates  as  sulphide  (Berglund).    This  method 
is  better  adapted  for  the  separation  of  large  quantities  than  for  the 
detection  of  traces  of  the  respective  metals. 

5  In  the  analysis  of  alloys,  stannic  oxide,  oxides  of  antimony, 
and  arsenic  acid  are  often  obtained  together  as  a  residue  insoluble  in 
nitric  acid.  The  best  way  is  to  fuse  this  residue  with  soda  m  a  silver 
crucible,  to  treat  the  mass  with  water,  and  add  one-third  (by.volumej 
of  spirit  of  wine;  the  solution  is  then  filtered  from  the  undissolved 
antimonate  of  soda,  and  the  latter  is  washed  with  spirit  of  mne  mixed 
with  a  few  drops  of  solution  of  carbonate  of  soda.  In  the  presence  ot 
much  tin,  it  is  advisable  to  repeat  the  above  treatment  on  the  residue, 
in  order  to  extract  all  the  tin.  The  filtrate  is  acidified  with  hydrochloric 
acid  and  the  tin  and  arsenic  are  then  precipitated  from  the  hot  solution 
as  sulphides.  On  heating  the  precipitated  sulphides  m  a  stream  ot 
gaseous  sulphuretted  hydrogen,  the  whole  of  the  tin  is  left  as  sulphide, 
whilst  the  sulphide  of  arsenic  volatihzes,  and  may  be  received  m  solution 

of  ammonia  (H.  Eose).  .        j  j- 

6  For  the  method  of  separating  antimony  and  arsenic,  and  distin- 
guishing between  the  two  metals,  by  treating  with  sulphuretted  hydro- 

*  Copper  oxide  particularly  well  adapted  for  this  purpose  is  obtained  evapo- 
ratiBg  aSution  of  nitrate  of  copper,  heating  the  residue  until  it  begius  to 
pose,  then  powdering  the  mass  and  continuing  to  heat  it  at  a  moderate  temperature 
with  constant  stirring  until  the  nitrate  is  completely  decomposed. 
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aen  the  mirror  produced  by  Marsh's  process,  and  separating  the 
resulting  sulphides  by  means  of  hydrochloric  acid  gas,  the  reader  is 
referred  to  §  132,  10.  Antimony  and  arsenic,  when  mixed  togethei  m 
form  of  hydrogen  compounds,  may  also  be  separated  in  the  following 

''"^r'The  gases,  mixed  with  the  excess  of  hydrogen,  are  passed  &st 
through  a  tube  containing  fragments  of  glass  moistened  with  a  ch  ute 
solution  of  acetate  of  lead,  in  oixler  to  retain  the  hydrochloric  and  hydro- 
sulphuric  gases,  then  in  a  slow  stream  through  a  solution  of  nitrate  ot 
silver  Almost  all  the  antimony  in  the  gas  is  removed  as  black  anti- 
monide  of  silver,  Ag3Sb  [Ag3Sb],  whilst  the  arsenic  passes  into  solution 
as  arsenious  acid,  with  reduction  of  the  silver,  and  may  be  detected  m 
the  solution  as  arsenite  of  silver,  by  cautious  addition  of  ammonia,  or— 
■ifter  precipitating  the  excess  of  silver  by  hydrochloric  acid— by  means 
of  sulphiu-etted  hydrogen.  As,  however,  a  little  antimony  always  passes 
into  solution,  the  precipitated  sulpHde  must  not  be  set  down  as  sulphade 
of  arsenic  without  further  examination,  according  to  §  132,  12.  Ine 
antimony  in  the  precipitated  antimonide  of  silver,  which  is  often  mixed 
with  much  silver,  may  be  most  readily  detected  by  boiling  the  precipitate 
—thoroughly  freed  from  arsenious  acid  by  boiling  with  water— with  tar- 
taric acid  and  water.  This  wHl  dissolve  the  antimony  alone,  which  may 
then  be  readily  detected  by  means  of  sulphuretted  hydrogen  m  the  solu- 
tion acidified  with  hydrochloric  acid  (L  assaigne,  A.  W.  Hofniann). 

6.  The  gases  mixed  with  the  excess  of  hydrogen  are  passed  through 
a  rather  wide  glass  tube,  3  or  4  inches  of  which  at  least  are  filled  with 
caustic  potassa  in  small  lumps.  The  potassa  decomposes  the  antunoniu- 
retted  hydrogen  entirely,  becoming  coated  with  a  lustrous  film  of  metal. 
The  arseniuretted  hydrogen,  on  the  contrary,  is  not  decomposed,  and 
may  be  detected  readily  on  its  exit  from  the  tube  by  the  production  of 
the  arsenical  mirror  (§  132,  10),  or  by  its  action  on  solution  of  nitrate 
of  silver  (Dragendorfi"). 

c.  The  gas  is  passed  in  a  slow  current  through  a  mixture  of  2  c.c.  ot 
a  solution  of  silver  nitrate  (1  part  of  silver  nitrate  and  24  parts  of 
water),  2  c.c.  of  concentrated  nitric  acid,  and  from  8  to  10  c.c.  of  water. 
When  the  black  precipitate  which  is  formed  subsides,  the  action  may  be 
considered  as  complete.    Bromine  water  is  then  added  in  excess  to  the 
flask  containing  the  liquid  and  precipitate,  or  hydrochloric  acid  with 
sufficient  chlorate  of  potassa  to  insure  an  excess  of  chlorine  may  be  used 
instead ;  after  a  short  time,  the  solution  is  filtered,  tartaric  acid, 
chloride  of  ammonium,  and  ammonia  in  excess  are  added  to  the  filtrate, 
and  the  arsenic  which  is  present  as  arsenic  acid  is  precipitated  as  arsenate 
of  ammonia  and  magnesia  (§  133,  8) ;  after  standing  for  some  time,  this 
is  filtered  off",  the  filtrate  acidified  with  hydrochloric  acid,  and  the  anti- 
mony precipitated  with  sulphuretted  hydrogen  (E.  Reichardt).  If 
the  liquid  obtained  by  the  methods  a,  b,  and  c,  to  which  zinc  and  dilute 
sulphuric  acid  has  been  added,  also  contains  tin,  it  will  be  separated  in 
the  metalHc  form  by  the  continued  action  of  the.  zinc;  on  pouring  off 
the  solution  of  zinc,  heating  the  residue  with  hydrochloric  acid,  filtering, 
and  adding  a  solution  of  mercuric  chloride,  a  precipitate  of  mercurous 
chloride  will  be  formed  if  tin  is  present. 

d.  If  a  solution  of  an  oxide  or  chloride  of  arsenic  be  introduced  into 
an  apparatus  in  which  hydrogen  is  evolved  from  an  alkaline  solution, 
such  as  aqueous  potash  and  aluminium  leaf  or  wire,  and  the  gas  passed 
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through  a  silver  solution,  blackening  will  take  place ;  this  is  a  decisive 
proof  of  the  presence  of  arsenic,  as  antimoniuretted  hydrogen  is  not 
formed  under  these  circumstances. 

e.  By  acting  on  paper  moistened  with  a  solution  of  silver  nitrate, 
with  arseniuretted  or  antimoniuretted  liydrogen,  the  wet  portion  of 
the  paper  becomes  discoloured  ;  for  example,  when  arseniuretted  hydro- 
gen acts  on  paper  moistened  with  a  solution  of  1  part  of  silver  nitrate 
in  1  part  of  water,  it  is  first  coloured  lemon-yellow  and  then  ))lack, 
whilst  with  a  more  dilute  silver  solution  it  is  turned  black  at  once. 
This  reaction,  in  using  which  it  must  be  remembered  that  sulphuretted 
and  phosphoretted  hydrogen  yield  similar  colorations,  has  since  it  hafi 
been  admitted  into  the  second  edition  of  the  Pharmacopoiia  Germanica 
undei'gone  a  very  varied  elaboration  and  examination.  A  complete 
collection  and  critical  discussion  of  these  researches  has  been  prepared 
by  H.  Beckurts.*    It  can,  however,  be  merely  referred  to  here. 

7.  On  adding  saturated  sulphuretted  hydrogen  water  to  a  solution 
containing  arsenic  and  antimonic  acids,  acidified  with  hydrochloric  acid, 
and  then  removing  the  excess  of  sulphuretted  hydrogen  by  passing  a 
stream  of  air  through  the  liquid  for  several  minutes,  a  precipitate  is 
obtained  which  contains  all  the  antimony  as  pentasulphide,  but  no 
arsenic.  The  arsenic  may  afterwards  be  precipitated  by  passing  hydro- 
gen sulphide  through  the  filtrate  heated  at  70°  (C.  Bunsen). 

8 .  Finally,  chemists  expert  in  flame  reactions  may  employ  Bunsen'sf 
method,  by  which  the  presence  of  the  sulphides  of  the  three  metals  may 
be  detected  in  the  sulphuretted  hydrogen  precipitate  by  the  flame  and 
blowpipe  reactions.  H.  Hager's  methods,  chiefly  intended  for  the 
rapid  detection  of  arsenic  in  pharmaceutical  preparations,  partly  micro- 
scopic, to  which  he  has  given  the  names  of  Guttural  %  and  Kramatom  § 
methods,  can  merely  be  refei'red  to  here. 

9.  Stannous  and  stannic  oxides  may  be  detected  in  presence 
of  each  other,  by  testing  one  portion  of  the  solution  for  the  stannous 
oxide  with  mercuric  chloride,  chloride  of  gold,  or  a  mixture  of  ferri- 
cyanide  of  potassium  with  ferric  chloride,  and  another  portion  for  the 
stannic  oxide,  by  pouring  it  into  a  concentrated  hot  solution  of  sulphate 
of  soda.    For  the  last  test,  the  solution  must  not  contain  much  free  acid. 

10.  Oxide  of  antimony  in  presence  of  antimonic  acid  maybe 
identified  by  the  reaction  described  in  §  131, 10;  antimonic  acid  in 
presence  of  oxide  of  antimony,  by  heating  the  oxide,  which  must 
be  free  from  other  compounds,  with  hydrochloric  acid  and  iodide  of 
potassium  (§  131,  2  and  3). 

11.  Arsenious  acid  and  arsenic  acid  in  the  same  solution  may 
be  distinguished  by  means  of  nitrate  of  silver.  If  the  precipitate  contains 
but  little  arsenate  and  much  arsenite  of  silver,  it  is  necessary,  in  order 
to  identify  the  former,  to  add  cautiously  and  drop  by  drop  exceedmgly 
dilute  nitric  acid,  which  dissolves  the  yellow  arsenite  of  silver  first.  A 
still  better  method  of  detecting  small  quantities  of  arsenic  acid  m  pre- 
sence of  arsenious  acid  is  to  precipitate  the  solution  with  a  mixture  of 
sulphate  of  magnesia,  chloride  of  ammonium,  and  ammonia  (§  133,  8), 
by  which  means  an  actual  separation  of  the  two  acids  is  efi'ected. 
Arsenious  acid  may  be  recognized  in  presence  of  arsenic  acid  by  the 

*  Pharm.  Centralhalle,  1884,  No.  17  et  seq. 
t  Zeit.  anal.  Chem.,  6,  378. 
J  Pharm.  Centralhalle,  1884,  277.  §  ^^id.,  1884,  265. 
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the  ammoniacal  solution  of  the  silver  salts.    To  ,  f 

of  sulphuration  of  a  sulphide  of  arsenic  m  a_  Bull^hur  salt,  the  a^ka 
Hne  solution  of  the  salt  under  examination  is  boiled  with  l^ydratecl 
Se  0  Hsmuth,  the  sulphide  of  bismuth  formed  is  separated  by 
fiSmtion  and  the  filtrate  tested  for  arsenious  and  arsenic  acids. 
To  SSgu"^  between  the  tersulphide  and  pentasulphide  of  arsenic, 
the  sulphur  which  may  be  present  is  first  extracted  by  means  of  bi- 
sulphide of  carbon,  the' residue  dissolved  in  — off  and 
silver  added  in  excess ;  the  sulphide  of  silver  is  then  £1^^^  off  and 
nitric  acid  cautiously  added,  when  arsenite  or  arsenate  /^J^^  ^^^^ 
precipitated  In  the  last  two  methods,  it  should  be  noted  that  a  portion 
of  the  arsenic  is  contained  in  the  sulphide  of  bismuth  or  sulphide  of 
.silver  as  the  case  may  be  (Wait z). 

Special  Reactions  of  the  rarer  Oxides  of  the  sixth 

group. 

§  135. 

a.  Oxide  of  Iridium,  IrOj  [IrOJ. 
Iridium  is  found  not  only  in  combination  with  platinum  and  other 
metals  in  platinum  ores,  but  more  especially  as  a  native  alloy  ot  osmium 
and  iridium.  'Alloyed  with  platinum,  it  has  of  late  been  employed  for 
crucibles,  &c.  Iridium  resembles  platinum,  but  it  is  brittle ;  it  iuses  witn 
extreme  difficulty ;  its  sp.  gr.  is  22-4.  In  the  compact  state,  or  reduced  at  a 
red  heat  by  hydrogen,  it  dissolves  in  no  acid,  not  even  m  aqua  regia  (diHer- 
ence  between  iridium  and  gold  and  platinum);  reduced  m  the  moist  way, 
say  by  formic  acid,  or  if  largely  alloyed  with  platinum,  it  dissolves  m  aqua 
xe^ia  as  bichloride,  IrCla  [IrCIJ.  Acid  sulphate  of  potassa  m  a  state  ot 
fulion  will  oxidize,  but  not  dissolve  it  (difference  between  indium  and  rho- 
•dium).  It  is  oxidized  by  fusion  with  soda,  with  access  of  air,  or  by  iusion 
with  nitrate  of  soda,  forming  sesquioxide  of  iridium,  Ir^O^  [Ir^Oj,] ;  the  com- 
pound of  sesquioxide  of  iridium  with  soda  dissolves  partially  m  water  ;  on 
heating  it  with  aqua  regia,  it  gives  a  deep-black  solution  of  bichloride  ot 
iridium,  IrClg  [IrCIJ,  and  chloride  of  sodium.  _  t.  a 

If  iridium  in  powder  is  mixed  with  chloride  of  sodium,  the  mixture  heated 
to  incipient  redness,  and  treated  with  chlorine,  iridiochloride  of  sodium  is 
formed,  which  yields  a  deep  reddish-brown  solution  with  water.  Potassa, 
added  in  excess,  colours  the  solutions  greenish,  a  little  brownish-black  iridio- 
chloride of  potassium  being  precipitated  at  the  same  time.    If  the  so^^tmn 
is  heated,  and  exposed  to  the  air  for  some  time,  it  acquires  at  first  a  reddish. 
:tint,  which  changes  afterwards  to  azure  blue  (characteristic  difference  between 
iridium  and  platinum)  ;  if  the  solution  is  now  evaporated  to  dryness,  and 
the  residue  treated  with  water,  a  colourless  liquid  is  obtained,  leaving  a  blue 
deposit  of  binoxide  of  iridium.    Sulphuretted  hydrogen  m  the  first  place 
■decolorizes  solutions  of  bichloride  of  iridium,  the  sesquichloride,  Ir.Ll^  lir.,L,\^}, 
being  formed,  with  separation  of  sulphur  ;  finally  brown  sulphide  ot  indium  is 
precipitated.  Sulphide  of  ammonium  produces  the  same  precipitate,  which 
redissolves  readily  in  excess  of  the  precipitant.    Chloride  of  potassium 
precipitates  iridiochloride  of  potassium  as  a  dark-brown  powder,  insoluble 
m  concentrated  solutions  of  chloride  of  potassium.    Chloride  of  ammo- 
.nium  from  concentrated  solutions  precipitates  iridiochloride  of  ammonium 
in  the  form  of  a  dark-red  powder,  consisting  of  microscopic  octahedrons, 
insoluble  in  concentrated  solutions  of  chloride  of  ammonium.  Ammonium 
and  potassium  iridiochloride  are  turned  olive-green  by  nitrite  of  potassa, 
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especially  in  hot  solution,  owing  to  the  formation  of  ammonium  or  potassium 
iridiosesquichloride, 

2(K01.IrOl2)+KO,N03  =  3KCl,Ir3Cl3+NO, 
[2K5lrCI„+2KNO,  =  6Klr,CI,  +  2NO,], 
which  crystallizes  out  on  cooling.  On  heating  or  evaporating  the  green, 
solution  with  excess  of  nitrite  of  potassa,  it  turns  yellow,  and  when  boiled 
deposits  a  white  precipitate  which  is  almost  insoluble  in  water  and  hydro- 
chloric acid.  (This  reaction  may  be  taken  advantage  of  to  separate  iridium 
from  platinum,  Gibbs.)  If  the  iridiochloride  of  ammonium  is  dissolved  in 
water  by  boiling,  and  oxalic  acid  is  added,  a  reduction  of  the  bichloride  to 
sesquichloride  takes  place,  so  that  the  solution  remains  clear  on  cooling 
(difference  between  iridium  and  platinum,  C.  Lea).  If  chloride  of  iridium 
solution  is  boiled  with  stannous  chloride,  excess  of  potassa  added,  and 
the  mixture  boiled  again,  a  fawn-coloured  precipitate  is  produced.  Fer- 
rous sulphate  decolorizes  the  solution,  but  does  not  produce  a  precipitate. 
Zinc  precipitates  black  metallic  iridium.  On  suspending  oxide  of  iridium 
in  a  solution  of  sulphite  of  potassa,  saturating  with  sulphurous  acid, 
and  boiling  with  renewal  of  the  evaporating  water  until  all  the  free  sul- 
phurous acid  is  expelled,  the  whole  of  the  iridium  is  converted  into  insoluble 
sulphite  of  iridium  oxide  (any  oxide  of  platinum  which  may  be  present  will 
remain  dissolved  as  sulphite  of  protoxide  of  platinum  and  potassa,  C.  Birn- 
baum).  When  compounds  of  iridium  are  ignited  with  carbonate  of  soda 
in  the  upper  oxidizing  flame,  they  yield  the  metal ;  this  when  elutriated  out 
is  gray,  devoid  of  lustre,  and  without  ductility. 

I.  Oxides  of  Molybdenum. 

Molybdenum  is  not  widely  distributed  in  nature,  and  is  found  only  in 
moderate  quantities,  more  especially  as  sulphide  of  molybdenum  and  as 
molybdate  of  lead  (yellow  lead  ore).    Since  molybdate  of  ammonia  has  come 
into  use  as  a  means  of  detecting  and  determining  phosphoric  acid,  molyb- 
denum has  acquired  considerable  importance  in   practical  chemistry. 
Molybdenum  is  tin-white  and  hard,  when  heated  in  the  air  it  oxidizes,  it  is 
soluble  in  nitric  acid  and  very  difficult  to  fuse.  The  protoxide,  MoO  [MoO], 
and  sesquioxide,  MojOg  [Mo^O,],  are  black, the  oxidejMoOj  [MoO,,],  is  dark- 
brown  or  dark-violet.    When  heated  in  the  air  or  treated  with  nitric  acid, 
the  metal  and  oxides  are  all  converted  into  molybdic  acid,  M0O3  [MoOj] ; 
this  is  a  white  porous  mass,  which  in  water  separates  into  fine  scales,  and 
dissolves  to  a  slight  extent ;  it  fuses  at  a  red  heat ;  in  closed  vessels,  it  vola- 
tilizes only  at  a  very  high  temperature,  in  the  air  it  volatilizes  easily  at  a 
red  heat  and  subUmes  in  transparent  laminae  and  needles.    On  igniting  it  in 
a  current  of  hydrogen,  it  is  first  converted  into  the  binoxide,  and  afterwards 
by  strong  and  long-continued  heating  into  the  metal.     The  non-ignited 
molybdic  acid  dissolves  in  acids.    The  solutions  are  colourless ;  the  hydro- 
chloric solution  is  soon  coloured  by  contact  with  zinc,  and  immediately  on 
addition  of  stannous  chloride,  the  colour  being  brown,  green,  or  blue 
according  to  the  proportion  of  reducing  agent  and  the  concentration  of  the 
solution.    Digested  with  copper,  the  sulphuric  acid  solution  turns  blue,  the 
hydrochloric  acid  solution  brown ;  the  reaction  often  requires  some  time. 
Ferrous  sulphate  solution  acidified  with  sulphuric  acid  colours  it  permanently 
blue.    Ferrocyanide  of  potassium  produces  a  reddish-brown  precipitate 
in  solutions  acidified  with  hydrochloric  acid.    Infusion  of  galls  colours 
solutions  of  molybdates  of  the  alkalies  deep  red  passing  into  brown,  and  on. 
adding  hydrochloric  acid  a  brown  precipitate  or  brown  coloration  is  pro- 
duced.   Sulphuretted  hydrogen,  added  in  small  propoi-tion,  imparts  a 
blue  tint  to  solutions  of  molybdic  acid ;  in  larger  proportion,  it  produces  a 
brownish-black  precipitate ;  the  supernatant  liquid  appears  green  at  first,, 
but  if  it  be  allowed  to  stand  for  some  time,  heated,  and  sulphuretted  hydro- 
gen repeatedly  passed  into  it,  the  whole  of  the  molybdenum  present  will 
ultimately  though  slowly  separate  as  brownish-black  tersulphide  of  molyb- 
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denum.  The  precipitated  tersulphide  of  molybdenum  dissolves  in  sulphides 
of  the  alkali  metals;  acids  precipitate  from  the  sulphur  salts  the  tersul- 
phide, M0S3  [M0S3],  application  of  heat  promotes  the  separation.  Boiling 
■oxalic  acid  solution  does  not  attack  sulphide  of  molybdenum  (method  ot 
separation  from  sulphide  of  tin  formed  in  the  wet  way,  the  latter  being 
soluble,  Clarke).  By  heating  to  redness  in  the  air,  or  by  heating  with  nitric 
acid,  sulphide  of  molybdenum  is  converted  into  molybdic  acid.  Sulpho- 
cyanate  of  potassium,  if  added  to  a  solution  of  molybdic  acid  containing 
hydrochloric  acid,  produces  no  colour  until  zinc  is  added,  when  the  liquid 
becomes  crimson ;  the  coloration  is  due  to  the  formation  of  a  sulphocyanate 
of  molybdenum  corresponding  to  the  oxide  or  sesquioxide.  Phosphoric  acid 
does  not  destroy  the  colour  (difference  from  sulphocyanate  of  iron).  0» 
shaking  the  red  fluid  with  ether,  the  sulphocyanate  dissolves  and  the  ether 
becomes  coloured  (C.  D.  Br aun,). 

Molybdic  acid  dissolves  readily  in  solutions  of  caustic  alkalies  or  01 
carbonates  of  the  alkalies ;  from  the  concentrated  solutions,  nitric  acid 
or  hydrochloric  acid  throws  down  molybdic  acid,  which  redissolves  in  a 
large  excess  of  the  precipitant.  The  solutions  of  molybdates  of  the  alkalies 
are  coloured  yellow  by  sulphuretted  hydrogen,  and  then  on  adding  an  acid 
they  give  a  brownish- black  precipitate.  If  a  solution  of  molybdic  acid  in 
excess  of  ammonia  is  boiled  for  some  time  with  yellow  sulphide  of 
ammonium,  besides  the  brownish-black  precipitate,  an  intensely  red  solu- 
tion is  obtained,  unless  a  very  large  excess  of  sulphide  of  ammonium  is  used,. 
For  the  deportment  of  molybdic  acid  with  phosphoric  acid  and  ammonia,, 
see  §  142,  10. 

IE  a  little  concentrated  sulphuric  acid  is  poured  on  to  a  piece  of  platinum 
foil  bent  into  the  shape  of  a  cup,  a  little  powdered  molybdic  acid  or  a  molyb- 
date  added,  and  the  mixture  heated  until  thick  vapours  are  given  off,  the 
sulphuric  acid  when  cold  acquires  an  intense  blue  colour  on  adding  to  it  a 
little  spirit,  or  on  breathing  repeatedly  on  the  platinum  foil  (v.  Kobell, 
Schon,  Maschke).  If  antimonic  acid  or  much  stannic  oxide  is  present, 
the  mixture  must  be  evaporated  to  dryness  with  phosphoric  acid  before  it  is 
heated  with  sulphuric  acid. 

When  molybdic  acid  is  heated  on  charcoal  in  the  oxidizing  flame,  it 
volatilizes,  coating  the  charcoal  with  a  yellow,  often  crystalline,  powder, 
which  turns  white  on  cooling.  In  the  reducing  flame,  the  acid  suffers- 
reduction  to  the  metallic  state,  the  molybdenum  being  obtained  as  a  gray 
powder  by  elutriating  the  charcoal  support.  Sulphide  of  molybdenum  in 
the  oxidizing  flame  gives  sulphurous  acid  and  an  incrustation  of  molybdic 
acid  on  the  charcoal.  If  molybdic  acid  or  a  molybdate  is  heated  for  a  short 
time  in  a  platinum  spiral  with  carbonate  of  soda,  the  product  dissolved  in  a 
few  drops  of  warm  water,  and  the  solution  taken  up  by  strips  of  filter 
paper,  the  molybdic  acid  in  them  can  be  recognized  by  adding  hydrochloric 
acid  and  ferrocyanide  of  potassium,  stannous  chloride,  or  sulphide  of  am- 
monium and  hydrochloric  acid  (Bun sen). 

c.  Oxides  of  T\mgsten. 

Tungsten  is  not  widely  distributed,  and  is  not  abundant.  The  principal 
tungsten  minerals  are  tungstate  of  lime  and  a  double  tungstate  of  ferrous 
oxide  and  protoxide  of  manganese  called  wolfram.  As_  obtained  by  the 
reduction  of  tungstic  acid  in  a  current  of  hydrogen  at  an  intense  red  heat,  it 
is  an  iron-gray  powder,  very  difiicultly  fusible.  By  ignition  in  the  air,  this 
powder  is  converted  into  tungstic  acid,  "WO3  [WO3] ;  whilst  if  ignited  in  a 
current  of  dry  chlorine  free  from  air  dark -violet  terchloride  of  tungsten, 
WCI3  [WCI„],  sublimes  ;  as  a  rule,  however,  this  also  contains  lower  chlorides 
and  sometimes  oxychloride.  When  heated  with  water,  this  chloride  is  de- 
composed with  formation  of  hydrated  tungstic  acid.  Tungsten  is  insoluble 
or  almost  insoluble  in  acids,  even  in  aqua  regia,  and  also  in  potassa ;  it  dis- 
solves, however,  in  the  latter  if  mixed  with  a  hypochlorite.    Oxide  of 
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tungsten,  WOo  [WO.J,  is  brown  ;  by  intense  ignition  with  free  access  of  air, 
it  is  converted  into  tungstic  acid.    Tungstic  acid  is  lemon-yellow,  dark- 
orange  when  hot,  fixed,  insoluble  in  water  and  acids.    With  water  and  with 
bases,  it  forms  two  series  of  compounds,  tungstic  acid  and  metatungstic  acid. 
•By  fusing  tungstic  acid  with  acid  sulphate  of  potassa,  and  treating  the  fused 
mass  with  water,  an  acid  solution  is  obtained,  which  contains  no  tungstic 
acid ;  after  the  removal  of  this  solution,  the  residue,  consisting  of  tungstate 
of  potassa  with  a  large  excess  of  tungstic  acid,  completely  dissolves  in  water 
containing  carbonate  of  ammonia  (means  of  separating  tungstic  from,  sjilicic 
acid).    Tungstates  of  the  alkalies  soluble  in  water  are  formed  readily  by 
fusion  with  alkaline  carbonates,  but  only  with  difficulty  by  boiling  with 
their  solutions.    In  the  solution  of  these  tungstates,  hydrochloric  acid, 
nitric  acid,  and  sulphuric  acid  produce  white  precipitates,  which  turn 
yellow  on  boiling  and  are  insoluble  in  an  excess  of  the  acids  (difference  from 
molybdic  acid),  but  soluble  in  ammonia ;  the  residue  after  removal  of  the 
acid  dissolves,  however,  by  prolonged  treatment  with  water.    On  evapo- 
rating to  dryness  with  an  excess  of  hydrochloric  acid,  heating  the  residue  at 
120°,  and  treating  it  -with  water,  the  tungstic  acid  is  left  undissolved.  Phos- 
phoric acid  produces  no  precipitate ;  it  rapidly  changes  the  tungstic  acid 
into  metatungstic  acid,  and  thus  prevents  the  precipitation  by  other  acids. 
Chloride  of  barium,  chloride  of  calcium,  acetate  of  lead,  nitrate 
of  silver,  and  mercurous  nitrate  produce  white  precipitates.  Ferro- 
cyanide  of  potassium,  with  addition  of  acid,  colours  the  liquid  deep 
brownish-red,  and  after  sometime  produces  a  precipitate  of  the  same  colour. 
Tincture  of  galls,  with  a  little  acid  added,  produces  a  brown  precipitate. 
Sulphuretted  hydrogen  barely  precipitates  acid  solutions.  Siilphide 
of  ammonium  fails  to  precipitate  solutions  of  tungstates  of  the  alkalies; 
on  acidifying  the  mixture,  light-brown  tersulphide  of  tungsten,  WS3  [WS3],  is 
thrown  down  ;  this  is  slightly  soluble  in  pure  water,  but  insoluble  in  water 
containing  salts.    Stannous  chloride  produces  a  yellow  precipitate;  on 
acidifying  with  hydrochloric  acid  and  applying  heat,  this  precipitate  acquires 
a  beautiful  blue  colour  (highly  delicate  and  characteristic  reaction).   If  solu- 
tions of  tungstates  of  alkalies  are  mixed  with  hydrochloric  acid,  or,  better 
still,  with  an  excess  of  phosphoric  acid,  and  zinc  is  added,  the  liquid  acquires 
a  beautiful  blue  colour.    The  blue  coloration  produced  in  the  hydrochloric 
acid  solution  changes  to  a  fugitive  red,  and  then  becomes  brownish-black. 
Ferrous  sulphate  produces  an  ochreous  precipitate,  which  does  not  become 
blue  on  the  addition  of  acids  (distinction  from  molybdic  acid).    The  meta- 
tungstates  are  mostly  soluble  in  water.    Long-continued  boihng  of  their 
solutions  with  sulphuric,  hydrochloric,  or  nitric  acid  causes  the  precipitation 
of  the  ordinary  hydrated  tungstic  acid.    Microcosmic  salt  dissolves 
tungstic  acid.    The  bead,  exposed  to  the  oxidizing  flame,  appears  clear, 
varying  from  colourless  to  yellowish;  in  the  reducing  flame,  it  becornes 
pure  blue,  and  on  adding  ferrous  sulphate  blood-red.    By  mixing  with 
a  little  carbonate  of  soda,  and  exposing  in  the  cavity  of  the  charcoal 
support  to  the  reducing  flame,  tungsten  in  powder  is  obtained,  which 
may  be  separated  by  elutriation.     If  tungstic  acid  is  fused  with  car- 
bonate of  soda  on  a  platinum  spiral,  the  product  warmed  with  a  few  drops 
of  water,  and  the  solution  absorbed  by  strips  of  filter  paper,  these  will  give 
the  tests  for  tungstic  acid,  namely,  a  yellow  coloration  when  moistened  with 
hydrochloric  acid  and  warmed,  and  a  blue  on  adding  stannous  chloride  and 
warming ;  sulphide  of  ammonium  either  alone  or  after  the  addition  of  hydro- 
chloric acid,  does  not  colour  the  paper,  but  on  warming  it  it  turns  blue  or 
green  (Bunsen).    The  tungstates  which  are  insoluble  in  water  may,  most 
of  them,  be  decomposed  by  digestion  with  acids.    Wolfram,  which  strongly 
resists  the  action  of  acid,  may  be  fused  with  carbonated  alkali,  when  water 
will  dissolve  out  of  the  fused  mass  tungstate  of  the  alkah. 
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d.  Oxides  of  TeUurium. 

Tellurium  is  not  widely  distributed,  and  is  found  in  small  quantities 
iellurium  IS  ^  ^ith  other  metals,  or  as  tellurous  acid. 

B  fs  a\hfte  bS^^^^^^^^^^^^^  -etal.  which  may  be  sublimed  in  a 

ilss  tuC  Heated  in  the  air,  it  burns  with  a  greenish-blue  flame  emitting 
&  white  fumes  of  tellurous  acid.    Tellurium  is  insoluble  l^ydrochlg-io 

addNut  dissolves  readily  in  nitric  acid,  ^o^^^-^^J:  fj^Vu^^^^^ 
TeUurium  in  powder  dissolves  m  cold  concentrated  sulphuric  acid,  yieicting 
Tpurp  e  coloured  solution,  from  which  it  separates  again  on  adding  water. 
Tellurous  ac?d  is  white  at  a  gentle  red  heat,  t  fuses  to  a  yellow  liquid ; 
and  on  bdn-  strongly  ignited  in  the  air  it  volatilizes,  but  does  not  yield  a 
Jrystamne  sublimate.  The  anhydrous  acid  dissolves  readily  in  hydrochloric 
Sd  sparLgly  in  nitric  acid,  freely  in  solution  of  potassa  slowly  m  ammonia, 
barelY^n  water.  The  hydrate  of  tellurous  acid  is  white  ;  it  is  perceptibly 
solubL in  coldwater,anddissolves  easilyin hydrochlonc  acid andm  citric  acid. 
On  adding  water  to  the  solution  in  acid,  a  white  hydrate  is  thrown  down, 
and  from  the  nitric  acid  solution  nearly  the  whole  of  the  tellurous  acid 
separates  after  some  time  as  a  crystalline  precipitate,  even  without  addition 
of  water.  Caustic  alkalies  and  carbonates  of  the  alkalies  thi-ow  down 
from  the  hydrochloric  acid  solution  a  white  hydrate,  which  is  soluble  m  an 
excess  of  the  precipitant.  In  acid  solutions,  sulphuretted  hydrogen 
produces  a  brown  precipitate,  TeS^  [TeSJ,  resembling  stannous  sulphide  in 
colour  ;  this  is  very  freely  soluble  in  sulphide  of  ammonium.  Sulphite  ot 
soda,  stannous  chloride,  and  zinc  precipitate  blaclc  metalhc  tellurium. 
If  a  solution  of  tellurous  acid  in  excess  of  potassa  or  soda  is  heated  witii 
grape-sugar,  the  tellurium  separates  in  the  metallic  state  ( b  t o  i  b  a ).  i ei- 
lurous  acid  produces  a  white  precipitate  in  a  mixture  of  chloride  of  magnesium, 
chloride  of  ammonium,  and  ammonia;  this  is  not  crystalline  (distmction 
from  selenious  acid)  (Hilger,  v.  Gerichten).  Telluric  acid,  TeOj [T eUsJ,  la 
formed  by  fusing  tellurium  or  tellurites  with  nitrates  and  carbonates  ot  tne 
alkaUes;  the  fused  mass  is  soluble  in  water.  The  solution  remains  clear 
when  acidified  with  hydrochloric  acid  in  the  cold ;  but,  on  boiling,  chlorine  is 
evolved,  and  tellurous  acid  formed ;  the  solution  is  therefore  now  precipitated 
by  water  if  the  excess  of  acid  is  not  too  great.  .  ,  •  r 

If  tellurium,  its  sulphide,  or  an  oxygen  compound  of  the  metal  is  fused 
with  cyanide  of  potassium  in  a  stream  of  hydrogen,  a  cyanide  of  tellurium 
and  potassium  is  formed.  The  fused  mass  dissolves  in  water,  but  a  current 
of  air  throws  down  the  whole  of  the  tellurium  from  the  solution  (diflierence 
and  means  of  separating  tellurium  from  selenium).  If  a  little  water  13 
poured  on  finely  powdered  tellurium  or  an  ore  of  tellurium — telluride  of 
gold,  for  example— in  a  porcelain  basin,  some  mercury  added,  and  then  a 
little  sodium  amalgam,  the  water  is  at  once  coloured  a  beautiful  violet  by 
-the  telluride  of  sodium  formed  (G.  Kiistel).  When  tested  m  the  dry 
way  by  Bunsen's  method  (p.  23),  the  compounds  of  tellunum_  give  a 
grayish-blue  colour  to  the  upper  reducing  flame,  while  at  the  same  time  the 
upper  oxidizing  flame  appears  green.  The  volatilization  is_  not  accom- 
panied by  any  odour.  The  incrustation  produced  by  reduction  is  black, 
with  a  blackish-brown  edge,  and  gives  a  crimson  solution  when  heated 
•with  concentrated  sulphuric  acid.  The  incrustation  of  oxide  is  white, 
scarcely  visible;  stannous  chloride  colours  it  black,  metallic  tellurium 
being  separated.  When  heated  with  carbonate  of  soda  in  the  stick  of 
charcoal,  compounds  of  tellurium  yield  telluride  of  sodium,  which  when 
placed  on  clean  silver  and  moistened  produces  a  black  mark,  and  when 
treated  with  hydrochloric  acid  (in  the  presence  of  enough  tellurium)  emits 
an  odour  of  telluretted  hydrogen  with  separation  of  tellurium. 

e.  Oxides  of  Selenium. 
'     Selenium  is  of  rare  occurrence  in  nature  in  the  form  of  selenides  of  the 
taetals.    It  is  found  occasionally  in  the  flue-dust  of  pyrites-furnaces,  and  also 
in  Nordhausen  oil  of  vitriol.    It  resembles  sulphur  in  some  respects,  tellurium 
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in  others.  Fused  selenium  ia  grayisli-black ;  it  volatilizes  at  a  high  tempera- 
ture, and  may  be  sublimed.    When  heated  in  the  air,  it  burns,  forming 
selenious  acid,  SeOj  [SeO.J,  and  exhaling  a  characteristic  odour  resembling 
that  of  decaying  horse-radish.    Selenium  is  soluble  in  bisulphide  of  carbon; 
in  contact  with  mercury  this  forms  black  selenide  of  mercury.  Concentrated 
sulphuric  acid  dissolves  selenium  without   oxidizing  it;  on  diluting  the 
solution,  the  selenium  separates  in  red  flakes.    Nitric  acid  and  aqua  regia 
dissolve  selenium,  forming  selenious  acid;  this  is  converted  at  200° 
into  a  yellow  gas.    Sublimed  anhydrous  selenious  acid  forms  white  four- 
sided  needles,  and  its  hydrate  crystallizes  in  forms  resembling  those  of 
nitrate  of  potassa.    Both  the  acid  and  its  hydrate  dissolve  readily  in  water 
to  a.  strongly  acid  solution.    Of  the  neutral  salts,  only  those  with  the 
alkalies  are  soluble  in  water;  the  solutions  have  alkaline  reactions.  All 
selenites  dissolve  readily  in  nitric  acid,  with  the  exception  of  the  selenites 
of  lead  and  silver,  which  are  only  sparingly  soluble.    In  solutions  of 
selenious  acid  or  of  selenites  (in  presence  of  free  hydrochloric  acid),  sul- 
phuretted  hydrogen  produces  a  yellow  precipitate  of  sulphide  of 
seleniiim  (?),  which,  when  heated,  turns  reddish-yellow;  it  is  soluble  in 
sulphide  of  ammonium.  Chloride  of  barium  produces  (after  neutraHzation 
of  the  free  acid,  should  any  be  present)  a  white  precipitate  of  selenite  of 
baryta,  which  is  soluble  in  hydrochloric  acid  and  in  nitric  acid.  Stan- 
nous chloride  or  sulphurous  acid,  with  addition  of  hydrochloric  acid, 
produces  a  red  precipitate  of  selenium,  which  is  gray  if  the  solution  is  hot. 
Metallic  copper  when  placed  in  a  warm  solution  of  selenious  acid  containing 
hydrochloric  acid  becomes  immediately  coated  black ;  if  the  solution  remains 
long  in  contact  with  the  copper,  it  turns  light  red  from  separation  of 
selenium  (Reinsch).    In  a  mixture  of  chloride  of  magnesium,  chloride  of 
ammonium,  and  ammonia,  selenious  acid,  generally  after  some  time,  produces 
a  colom'less  crystalline  precipitate  of  selenite  of  magnesia  soluble  in  acids 
(Helger,  v.  Gerichten).  Selenic  acid,  SeOg  [SeOg],  is  formed by_ heating 
selenium  or  its  compounds  with  carbonates  and  nitrates  of  the  alkalies.  The 
fused  mass  dissolves  in  water ;  the  solution  remains  clear  when  acidified  with 
hydrochloric  acid ;  when  concentrated  by  boiling,  it  evolves  chlorine,  whilst 
the  selenic  acid  is  reduced  to  selenious  acid.    By  fusing  selenium  or  its  com- 
pounds with  cyanide  of  potassium  in  a  stream  of  hydrogen,  a  cyanide 
of  selenium  and  potassium  is  obtained,  from  which  the  selenium  is  not  sepa- 
rated by  exposure  to  the  air  (as  is  the  case  with  tellurium) ;  it  is  precipitated, 
however,  on  long-continued  boiling,  after  addition  of  hydrochloric  acid. 
When  tested  according  to  p.  23,  compounds  of  selenium  give  a  bright  blue 
colour  to  the  flame,  and  by  volatilization  and  combusbion  of  the  vapour, 
the  above-mentioned  odour  is  emitted.    The  incrustation  produced  by  re- 
duction is  brick-red  to  cherry-red,  and  gives  a  dirty  green  solution  with 
concentrated  sulphuric  acid.    The  incrustation  of  oxide  is  white,  and  when 
moistened  with  stannous  chloride  becomes  red  from  separated  selenium. 
In  the  charcoal  stick  with  carbonate  of  soda,  selenide  of  sodium  is 
formed,  which  when  placed  on  silver  and  moistened  produces  a  black  mark, 
and  when  treated  with  acids  yields  seleniuretted  hydrogen, 

B. — Behaviour  of  the  Acids  and  theie  Radicles. 

§  136. 

The  reagents  -which  serve  for  the  detection  of  the  acids  are  divided, 
like  those  used  for  the  detection  of  the  bases,  into  general  reagents, 
that  is,  such  as  indicate  the  group  to  which  the  acid  under  examination 
belongs;  and  special  reagents,  that  is,  such  as  serve  to  effect  the 
detection  and  identification  of  the  individual  acids.  The  groups 
into  which  we  classify  the  various  acids  can  scarcely  be  defined^  with 
the  same  degree  of  precision  as  those  into  which  the  bases  are  divided. 
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The  two  principal  groups  into  which  acids  are  divided  are  those  of 
the  inorganic  and  the  organic  acids.  This  classification  is  based 
upon  those  characteristics  which  are  most  useful  for  the^purposes  of 
analysis,  quite  irrespective  of  theoretical  considerations.  We  therefore 
take,  as  the  characteristic  mark  to  guide  us  in  the  classification  into 
organic  and  inorganic  acids,  the  behaviour  of  the  various  acids  at  a  high 
temperature,  and  call  those  acids  organic  acids  of  which  the  salts 
(particularly  those  which  have  an  alkali  or  an  alkaline  earth  for  base) 
are  decomposed  by  ignition,  with  separation  of  carbon.  By  fixing  on 
this  deportment  at  a  high  temperature  as  the  distinctive  characteristic 
of  an  organic  acid,  we  are  enabled  to  determine  at  once  by  a  niost 
simple  preliminary  experiment  the  class  to  which  the  acid  belongs  Ihe 
salts  of  organic  acids  with  alkalies  or  alkaline  earths  are  converted  into 
carbonates  when  heated  gently  to  redness.  j 

Before  proceeding  to  the  special  study  of  the  several  acids  considered 
in  this  work,  a  general  view  of  the  whole  of  them  is  given  as  in  the  case 
of  the  bases, 

I.  INOEGANIC  ACIDS. 

rirst  Group: 

Division  a.  Chromic  acid  (sulphurous  and  hydrosulphurous  acids, 
iodic  acid). 

Divisions.  Sulphuric  acid  (hydrofluosilicic  acid). 

Division  c.  Phosphoric    acid,     boric     acid,    oxalic  acid, 

hydrofluoric  acid  (phosphorous  acid). 
Division  cl.  Carbonic  acid,  silicic  acid. 

Second  Group: 
Chlorine  and  hydrochloric  acidj  bromine  and  hydro- 
bromic  acid;  iodine  and  hydriodic  acid; 
cyanogen  and  hydrocyanic  acid,  together  with 
hydroferro-  and  hydrof  erri-cyanic  acids; 
sulphur  and  sulphuretted  hydrogen  (nitrovis 
acid,  hypochlorous  acid,  chlorous  acid,  hypophospho- 
rous  acid). 

Third  Group: 
Nitric  acid,  chloric  acid  (perchloric  acid). 

II.  ORGANIC  ACIDS. 

First  Group: 

Oxalic  acid,  tartaric  acid,  citric  acid,  malic  acid  (racemic 
acid). 

Second  Group : 
Succinic  acid,  benzoic  acid,  salicylic  acid. 

Third  Group: 
Acetic  acid,  formic  acid  (lactic  acid,  propionic  acid,  butyric 
acid). 

The  acids  the  names  of  which  are  spaced  (as  chromic  acid)  are 
more  frequently  met  with  in  the  examination  of  minerals,  waters,  ashes 
of  plants,  industrial  products,  food-stuffs,  medicines,  (Sic. ;  the  others  are 
more  rarely  met  with. 
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I.  INORGANIC  ACIDS. 
§  137. 

First  Group. 

Acids  which  are  precipitated  from  Neutral  Solutions 
by  Chloride  of  Barium. 

This  group  is  again  subdivided  into  four  divisions,  viz, : 

a.  Acids  which  are  decomposed  in  acid  solution  by  sulphuretted  hy- 
drogen, and  to  which,  therefore,  attention  has  been  already  directed 
in  the  testing  for  bases,  viz.,  chromic  acid  (sulphurous  acid  and 

,  hyposulphurous  acid,  the  latter  because  it  is  decomposed  and  detected 
by  the  mere  addition  of  hydrochloric  acid  to  the  solution  of  one  of  its 
salts;  and  also  iodic  acid).* 

b.  Acids  which  are  not  decomposed  in  acid  solution  by  sulphuretted 
hydrogen,  and  the  baryta  compounds  of  which  are  insoluble  in  hydro- 
chloric acid:  sulphuric  acid  (hydrofluosilicic  acid). 

c.  Acids  which  are  not  decomposed  in  acid  solution  by  sulphuretted 
hydrogen,  and  the  barj^ta  compounds  of  which  dissolve  in  hydrochloric 
acid,  apparently  without  decomposition,  inasmuch  as  the  acids  cannot 
be  completely  separated  from  the  hydrochloric  acid  solution  by  heat- 
ing or  evaporation  :  phosphoric  acid,  boric  acid,  oxalic  acid, 
hydrofluoric  acid  (phosphorous  acid).  (Oxahc  acid  belongs  more 
properly  to  the  organic  group.  "We  consider  it,  however,  here  with 
the  acids  of  the  inorganic  class,  as  the  property  of  its  salts  to  be  de- 
composed on  ignition  without  actual  carbonization  may  lead  to  its 
being  overlooked  as  an  organic  acid.) 

d.  Acids  which  are  not  decomposed  in  acid  solution  by  sulphuretted 
hydrogen,  and  the  baryta  salts  of  which  are  soluble  in  hydrochloric 
acid  with  separation  of  the  acid  :  carbonic  acid,  silicic  acid. 

First  Division  of  the  First  Group  of  the  Inorganic  Acids. 

§  138. 

Chromic  Acid,  CrOj  [CrO,]. 

1.  Chromic  acid  is  obtained  as  a  scarlet  crystalhne  mass,  or  in 
the  form  of  distinct  acicular  crystals.  On  ignition,  it  is  resolved  into 
sesquioxide  of  chromium  and  oxygen.  It  dehquiesces  rapidly  on 
exposure  to  the  air.  It  dissolves  in  water,  imparting  to  the  solu- 
tion a  deep  reddish-yellow  tint,  which  is  visible  even  in  very  dilute 
solutions. 

2.  The  chromates  are  all  red  or  yellow,  and  for  the  most  part 

*  To  this  first  division  of  the  first  group  of  inorganic  acids  belong  properly  also 
all  the  oxygen  compounds  of  a  distinctly  pronounced  acid  character,  which  liaye 
been  discussed  already  with  the  Sixth  Group  of  the  metallic  oxides  (acids  of  arsenic, 
antimony,  selenium,  &c.).  But  as  the  reactions  of  these  compounds  with  sulphu- 
retted hydrogen  tend  rather  to  confounding  them  with  other  metalhc  oxides  than 
with  other  acids,  it  appeared  the  safer  course  to  class  these  compounds,  which  may- 
be said  to  stand  between  the  bases  and  the  acids,  with  the  metallic  oxides. 
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insoluble  in  water;  some  of  them  are  decomposed  by  ignition.  Those 
with  alkaline  bases  are  soluble  in  water,  and  when  neutral  are  fixed; 
the  solutions  of  the  neutral  alkahne  chromates  are  yellow,  those  of  the 
alkaUne  dichromates  are  reddish-yellow.  These  tints  are  visible  m 
hic-hly  dilute  solutions.  The  yellow  colour  of  the  solution  of  a  neutral 
saft  changes  to  reddish-yellow  on  the  addition  of  an  acid,  owing  to  the 
formation  of  an  acid  chromate. 

3.  Sulphviretted  hydrogen  acting  on  an  acidified  solution  ot 
a  chromate  produces  first  a  brownish  coloration  of  the  fluid,  then  a 
crreen  coloration,  arising  from  the  salt  of  sesquioxide  of  chromium 
formed;  this  change  of  colour  is  attended  with  separation  of  sulphur, 
which  imparts  a  milky  appearance  to  the  liquid, 

KO,20rO  +4(HO,SO3)-(-3HS  =  KO,SO,-^0rA,3SO3  +  7HO  +  3S 
[K,Cr.A  +  4H,SO,  +  3H,S  =  K.SO^  +  Cr,(SO,)3-t-  7H,0  +  3S]. 
Heat  promotes'  this  reaction,  part  of  the  sulphur  being  in  that  case 
converted  into  sulphuric  acid. 

4.  Sulphide  of  ammonium,  when  added  in  excess  to  a  solution  of 
an  acid  chromate  of  an  alkali,  immediately  produces  a  brownish-gray- 
green  precipitate  of  hydrated  chromate  of  sesquioxide  of  chro- 
mium; on  boiling,  the  whole  of  the  chromium  separates  as  green 
hydrated  oxide.  In  a  solution  of  neutral  chromate  of  potassa,  at  first  a 
dark  brownish  coloration  alone  is  produced,  but  the  brownish-gray- 
green  precipitate  above  mentioned  soon  separates. 

5.  Chromic  acid  may  also  be  reduced  to  sesquioxide  by  means  of 
many  other  substances,  more  particularly  by  sulphurous  acid,  by 
heating  with  concentrated  hydrochloric  acid,  or  with  the  dilute  acid 
and  alcohol  (in  which  case  chloride  of  ethyl  and  aldehyde  are  formed), 
by  metallic  zinc,  by  heating  with  tartaric  acid,  oxalic  acid,  &c.  All 
these  reactions  are  clearly  characterized  by  the  change  of  the  red  or 
yellow  colour  of  the  solution  to  the  green  or  violet  tint  of  the  salt  of 
sesquioxide  of  chromium. 

6.  Chloride  of  barium  produces  in  aqueous  solutions  of  chromates 
a  yellowish- white  precipitate  of  chromate  of  baryta,  BaOjCrOj 
[BaCr04],  soluble  in  dilute  hydrochloric  or  nitric  acid. 

7.  Nitrate  of  silver  produces  in  aqueous  solutions  of  chromates  a 
dark  purple-red  precipitate  of  chromate  of  silver,  AgOjCrO,^ 
[AgjCrOJ,  soluble  in  nitric  acid  and  in  ammonia ;  in  sHghtly  acid  solu- 
tions it  produces  a  precipitate  of  dichromate  of  silver,  AgO,2CrOg. 
[Ag,Cr,OJ. 

8.  Acetate  of  lead  produces  in  an  aqueous  or  acetic  acid  solution 
of  a  chromate  a  yellow  precipitate  of  chromate  of  lead,  PbO,Cr03 
[PbCrOJ,  soluble  in  potassa  or  soda,  sparingly  soluble  in  dilute  nitric 
acid,  insoluble  in  acetic  acid.  When  heated  with  alkalies,  the  yellow 
neutral  salt  is  converted  into  basic  red  chromate  of  lead, 

2PbO,Cr03  [PbCrO.PbO]. 

9.  If  a  very  dilute  acid  solution  of  peroxide  of  hydrogen*  (about 

*  Solution  of  peroxide  of  hydrogen  may  be  easily  prepared  by  triturating  a 
fragment  of  peroxide  of  barium  (about  the  size  of  a  pea)  with  some  water,  and 
adding  it  with  stirring  to  a  mixture  of  about  30  c.c.  hydrochloric  acid  and  120  c.c. 
water.  The  solution  keeps  a  long  time  without  suffering  decomposition.  In 
default  of  peroxide  of  barium,  impure  peroxide  of  sodium  may  be  used  instead ; 
this  may  be  obtained  by  heating  a  fragment  of  sodium  in  a  porcelain  capsule  until 
it  takes  fire,  and  letting  it  burn. 
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6  or  8  c.c.)  IS  covered  with  a  layer  of  etlier  (about  half  a  centimetre 
thick),  and  a  solution  containing  chromic  acid  is  added,  the  solution  of 
peroxide  of  hydrogen  acquires  a  fine  blue  colour.  By  repeatedly 
inverting  the  test-tube,  closed  with  the  thumb,  without  much  shaking, 
the  solution  becomes  colourless,  whilst  the  ether  acquires  a  blue  colour! 
The  latter  reaction  is  particularly  characteristic.  1  part  of  chromate 
of  potassa  in  40,000  parts  of  water  suffices  to  produce  it  distinctly 
<  Stor  er ) ;  the  presence  of  vanadic  acid  materially  impairs  the  delicacy  of 
the  test  (Werther).*  The  blue  coloration  is  due  to  perchromic  a^id, 
Cr^OjJCr.OJ.  After  some  time,  reduction  of  the  chromic  acid  to  ses- 
quioxide  takes  place,  and  the  ether  becomes  colourless. 

10.  If  insoluble  chromates  are  fused  with  carbonate  of  soda,  a 
little  chlorate  of  potassa  being  added  and  the  fused  mass  treated  with 
water,  a  yellow  solution  is  obtained  containing  an  alkaline  chromate ; 
on  adding  an  acid,  the  yellow  colour  changes  to  reddish-yellow.  The 
oxides  are  left  either  in  the  pure  state  or  as  carbonates. 

11.  The  compounds  of  chromic  acid  show  the  same  reactions  with 
microcosmic  salt  and  with  borax  in  the  blowpipe  flame,  as  the  com- 
pounds of  sesquioxide  of  chromium. 

12.  Yery  minute  quantities  of  chromic  acid  may  be  detected  in 
aqueous  solutions  by  the  following  methods :  a.  the  solution,  sUghtly 
acidified  with  sulphuric  acid,  is  mixed  with  a  little  tincture  of  guaiacum 
(1  part  of  the  resin  to  100  parts  of  alcohol  of  60  percent.) ;  the  mixture 
acquires  an  intense  blue  colour,  but  this  speedily  disappears  if  traces  only 
of  chromic  acid  are  present  (H.  Schiff).  b.  the  sohition  of  thealkaUne 
chromate,  which  must  be  as  neutral  as  possible,  is  mixed  with  a  dilute 
decoction  of  logwood  boiled  half-a-minute  and  allowed  to  stand  half-an- 
hour  ;  a  very  intense  black  coloration  will  be  produced  ;  in  the  presence 
of  exceedingly  small  quantities  of  chromic  acid,  the  colour  is  violet-red 
(R.  Wildenstein). 

Chromic  acid  being  reduced  by  sulphuretted  hydrogen  to  sesquioxide 
of  chromium,  this  acid  is  in  the  course  of  analysis  always  found  in  the 
examination  for  bases.  The  intense  colour  of  the  solutions  containing 
chromic  acid,  the  delicate  reaction  with  peroxide  of  hydrogen,  and  the 
characteristic  precipitates  produced  by  solutions  of  salts  of  lead  and  of 
•silver,  alford  ready  means  for  its  detection.  For  the  discovery  of  traces 
of  chromium  present  in  many  minerals,  for  instance,  in  serpentine,  the 
reactions  in  12  may  be  used  after  the  mineral  has  been  fused  with 
alkaline  carbonate  and  chlorate.  For  the  detection  of  neutral  chromates 
of  the  alkaUes  in  the  presence  of  acids,  and  of  acid  chromate  in  the  pre- 
sence of  neutral  chromate  and  chromic  acid  in  the  presence  of  acid  chro- 
mates of  the  alkalies,  compare  E.  Donath  (Zeit.  anal.  Chem.  18,  78). 

■Special  reactions  of  the  Rarer  Acids  of  the  First  Division. 

§  139. 

a.  Sulphurous  Acid,  SOj  [SO,]. 

Sulphurous  acid  is  a  colourless,  uninflammable  gas,  having  the  stifling 
■odour  of  burning  sulphur.  It  dissolves  abundantly  iu  water  ;  the  solution 
has  the  odour  of  the  gas,  reddens  litmus-paper,  and  bleaches  Brazil-wood 
paper.    It  gradually  absorbs  oxygen  from  the  air,  and  is  converted  into  sul- 

.    *  Jour.  pr.  Chem.,  83,  195. 
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phuric  acid.   The  salts  are  colourless.    Of  the  neutral  sulphites,  it  is  only 
those  with  alkaline  base  which  are  readily  soluble  in  water;  many  ot  the  sul- 
phites insoluble  or  sparingly  soluble  in  water  dissolve  in  an  aqueous  solution 
of  sulphurous  acid,  but  are  reprecipitated  on  boihng.    All  the  sulphites  evolve 
sulphurous  acid  when  treated  with  sulphuric  acid.    Chlorine  water-  con- 
verts sulphites  into  sulphates,  and  generally  dissolves  them.    Chloride  of 
barium  precipitates  neutral  sulphites,  but  not  free  sulphurous  acid;  tlie 
precipitate  is  soluble  in  hydrochloric  acid.  Sulphuretted  hydrogen  decom- 
poses free  sulphurous  acid,  water  and  pentathiomc  acid  being  formed  and 
free  sulphur  separated.    If  a  piece  of  clean  copper  wire  is  added  to  a  solu- 
tion of  sulphurous  acid  mixed  with  an  equal  volume  of  hydrochloric  acid,  and 
the  mixture  boiled,  the  copper  appears  black,  as  if  covered  with  soot,  if  much 
sulphurous  acid  is  present ;  but  only  dull  if  a  little  is  present  (H.  Eemsch). 
If  a  trace  of  sulphurous  acid  or  of  a  sulphite  is  introduced  into  a  flask  m 
which  hydrogen  is  being  evolved  from  zinc  free  from  sulphur  or  alumi- 
nium and  hydrochloric  acid,  sulphuretted  hydrogen  is  immediately 
evolved  along  with  the  hydrogen,  and  the  gas  produces  a,  black  coloration 
or  a  black  precipitate  in  a  solution  of  acetate  of  lead  to  which  soda  has  been 
added  in  sufficient  quantity  to  redissolve  the  precipitate  formed  at  first.  Sul- 
phurous acid  is  a  powerful  reducing  agent ;  it  reduces  chromic  acid,  perman- 
ganic acid,  iodic  acid,  and  mercuric  chloride  (to  subchloride),  decolorizes 
iodide  of  starch,  produces  a  blue  precipitate  in  a  mixture  of  ferricyanide  of 
potassium  and  ferric  chloride,  &c.    Nitrate  of  silver  added  to  a  solution  of 
sulphurous  acid  throws  down  a  white  precipitate  of  sulphite  of  silver  soluble 
in  nitric  acid.  "With  a  hydrochloric  acid  solution  of  stannous  chloride,  a 
yellow  precipitate  of  bisulphide  of  tin  is  formed  after  some  time.    If  an 
aqueous  solution  of  an  alkaUne  sulphite  is  carefully  neutralized  with  acetic 
acid,  or  bicarbonate  of  soda  is  added  to  it,  according  as  it  has  an  alkaline 
or  acid  reaction  (excess  of  the  bicarbonate  is  without  effect,  but  excess  of 
caustic  alkali  or  simple  carbonate  or  of  carbonate  of  ammonia  prevents  the 
reaction),  and  a  relatively  large  amount  of  solution  of  sulphate  of  zinc 
mixed  with  a  very  small  quantity  of  nitroprusside  of  sodium  be  then  added, 
the  solution  will  become  red  if  the  quantity  of  the  sulphite  present  is  not  too 
small ;  when,  however,  the  amount  of  sulphite  is  very  minute,  the  coloration 
makes  its  appearance  only  after  the  addition  of  some  solution  of  f  errocyanide 
of  potassium.    If  the  quantities  are  not  altogether  too  minute,  a  purple-red 
precipitate  will  form  on  the  addition  of  the  ferrocyanide  of  potassium 
(Bodeker).    Hyposulphites  of  the  alkalies  do  not  show  this  reaction. 

h.  Hyposulphurous  Acid  or  Thiosulphuric  Acid,  SsO^  [SjOJ. 

This  acid  does  not  exist  in  the  free  state.  Most  of  its  salts  are  soluble  in 
water.  The  solutions  of  most  hyposulphites  may  be  boUed  without  suffering 
decomposition  ;  hyposulphite  of  lime,  on  boiling,  is  resolved  into  sulphite  of 
hme  and  sulphur.  When  the  hyposulphites  of  the  alkalies  are  heated  without 
access  of  air,  they  are  decomposed,  water,  sulphur,  and  sulphuretted  hydrogen 
volatihzing,  whilst  a  residue  is  left,  consisting  of  a  sulphide  and  sulphate  of 
the  metal.  If  hydrochloric  acid  or  svQphuric  acid  is  added  to  a  solution 
of  a  hyposulphite,  it  remains  at  first  clear  and  inodorous,  but  after  a  short 
time — the  shorter,  the  more  concentrated  the  solution — it  becomes  more  and 
more  turbid,  owing  to  the  separation  of  sulphur,  and  acquires  the  odour 
of  sulphurous  acid;  the  application  of  heat  promotes  this  decomposition. 
Nitrate  of  silver  produces  a  white  precipitate  of  hyposulphite  of 
silver,  soluble  in  excess  of  the  hyposulphite;  after  a  little  while  (on 
heating,  almost  immediately)  this  precipitate  turns  black,  being  decomposed 
into  sulphide  of  silver  and  sulphuric  acid.  Hyposulphite  of  soda  dissolves 
chloride  of  silver ;  on  adding  an  acid,  the  solution  remains  clear  at  first,  but 
after  some  time,  and  immediately  on  boiling,  sulphide  of  silver  separates. 
Chloride  of  barium  produces  a  white  precipitate,  which  is  soluble  in  much 
water,  more  especially  hot  water,  and  is  decomposed  by  hydrochloric  acid. 
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Ferric  chloride  colonra  the  solutions  of  alkaline  hyposulphites  reddish- 
violet  (difference  from  alkaline  sulphites) ;  after  a  time,  the  liquid  loses  its 
colour,  especially  if  heated,  ferrous  chloride  being  formed.  An  acidified  solu- 
tion of  chromic  acid  is  immediately  reduced  \to  the  green  sesquioxide  by 
hyposulphites ;  if  the  solution  is  not  acidified,  it  becomes  brown,  and  on 
heating  deposits  brown  chromate  of  chromium.  Iodide  of  starch  and  an 
acidified  solution  of  permanganate  of  potassa  are  at  once  decolorized.  With 
zinc  or  aluminiTom  and  hydrochloric  acid,  the  hyposulphites  behave 
like  the  sulphites. 


"When,  as  is  often  the  case,  it  is  required  to  find  sulphites  and  hyposul- 
phites of  the  alkalies  in  presence  of  alkaline  sulphides,  solution  of  sulphate 
of  zinc  is  first  added  untd  the  sulphide  is  decomposed ;  the  sulphide  of  zmc 
is  then  filtered  off,  and  one  part  of  the  filtrate  is  tested  for  hypo  sulphurous 
acid  by  addition  of  acid,  another  portion  for  sulphurous  acid  with  nitro- 
prusside  of  sodium,  &c. 

c.  Iodic  Acid,  IO5 

Iodic  acid  is  a  white  crystaUine  powder,  the  hydrate  forms  colourless 
rhombic  crystals,  both  are  readily  soluble  in  water,  and  when  moderately 
heated  are  decomposed  into  iodinei  oxygen,  and— in  the  case  of  the  hydrate- 
water.  The  salts  are  decomposed  by  ignition,  being  resolved  either  into 
oxygen  and  a  metallic  iodide,  or  into  iodine,  oxygen,  and  a  metallic  oxide : 
the  iodates  with  an  alkaline  base  alone  dissolve  readily  in  water.  _  Chloride 
of  Ibarium  throws  down  from  solutions  of  iodates  of  the  alkahes  a  white 
precipitate  of  iodate  of  baryta,  which  is  soluble  in  nitric  acid ;  nitrate 
of  silver  a  white  granular-crystalhne  precipitate  of  iodate  of  silver, 
which  dissolves  readily  in  ammonia,  but  only  sparingly  in  nitric  acid.  Ace- 
tate of  lead  throws  down  iodate  of  lead  as  a  white  precipitate  almost 
insoluble  in  water  and  soluble  with  difficulty  in  nitric  acid.  From  solu- 
tions of  iodic  acid,  sulphuretted  hydrogen  throws  down  lodme,  which 
then  dissolves  in  the  hydriodic  acid  formed ;  sulphur  is  separated  at  the  same 
time  If  an  excess  of  sulphuretted  hydrogen  is  used,  the  solution  becomes 
colourless,  and  a  further  separation  of  sulphur  takes  place,  the  whole  ot  the 
iodine  bein^^  converted  into  hydriodic  acid.  Iodic  acid  combmed  with  bases 
is  also  decomposed  by  sulphuretted  hydrogen.  Sulphurous  acid  throws 
down  iodine,  which  by  excess  of  the  acid  is  converted  into  hydnodic  acid. 
A  boihng  concentrated  solution  of  oxalic  acid  liberates  all  the  iodine  from 
iodic  acid  Phosphorus,  both  ordinary  and  amorphous  (the  latter  with 
sreat  energy),  reduces  iodic  acid,  whether  free  or  m  combination,  even 
in  very  dilute  solution;  phosphoric  acid  is  formed  and  iodine  hberated 
(Pollacci). 

Second  Division  of  the  Pikst  Geoup  of  the  Inorganic  Acids. 

§  140. 

Sulphuric  Acid,  SO3  [SO3] 

1  Anhydrous  sulphuric  acid  is  a  white  feathery  crystaUine 
mass  which  fumes  strongly  on  exposure  to  the  air;  hydrated  sul- 
Dhuric  acid  (which  contains  rather  more  water  than  corresponds 
with  the  formula,  H0,S03  [H.SOJ),  forms  an  oily  liquid,  colomdess  and 
-transparent  like  water.  Both  the  anhydrous  and  hydrated  acid  char 
organic  substances,  and  combine  with  water  in  all  proportions,  the 
process  of  combination  being  attended  with  considerable  elevation^  ot 
temperature,  and  in  the  case  of  the  anhydrous  acid  with  a  hissing 

^°^^2.'  The  neutral  sulphates  are  readily  soluble  in  water  with  the 
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exception  of  the  sulphates  of  baryta,  strontia,  Kme,  and  lead.  The  basic 
sulphates  of  the  oxides  of  the  heavy  metals  which  are  insoluble  in  water 
dissolve  in  hydrochloric  acid  or  in  nitric  acid.  Most  of  the  sulphates 
are  colourless.  The  sulphates  of  the  alkalies  and  alkaline  earths  undergo 
no  change  at  a  moderate  red  heat,  but  are  decomposed  more  or  less  at  a 
very  high  temperature;  of  the  other  sulphates,  some  are  readily  decom- 
posed at  a  red  heat,  others  resist  decomposition  altogether. 

3.  Chloride  of  barium  produces,  even  in  exceedingly  dilute  solu- 
tions'of  sulphuric  acid  and  of  the  sulphates,  a  finely  pulverulent,  heavy, 
white  precipitate  of  sulphate  of  baryta,  BaO,S03  [BaSOJ,  practically 
insoluble  in  dilute  hydrochloric  or  nitric  acid.  From  very  dilute  solu- 
tions, the  precipitate  separates  only  after  standing  for  some  time.  ^  Con- 
centrated acids  and  concentrated  solutions  of  many  salts  impair  the 
delicacy  of  the  reaction. 

4.  Acetate  of  lead  produces  a  heavy  white  precipitate  of  sulphate 
of  lead,  PbO,S03  [PbSO^],  which  is  almost  insoluble  in  water,  still  less 
in  dilute  sulphuric  acid,  and  insoluble  in  alcohol ;  it  is  sparingly  soluble 
in  dilute  nitric  acid,  but  dissolves  completely  in  hot  concentrated  hydro- 
chloric acid.  It  is  soluble  in  a  boiling  solution  of  acetate  or  tartrate  of 
ammonia. 

5.  The  sulphates  of  the  alkaline  earths  which  are  insoluble  in  water 
and  acids  are  converted  into  carbonates  by  fusion  with  alkaline 
carbonates ;  sulphate  of  lead,  on  the  other  hand,  is  reduced  to  the  state 
of  oxide,  an  alkaKne  sulphate  being  simultaneously  formed  in  both 
cases.  The  sulphates  of  the  alkaline  earths  and  sulphate  of  lead  are 
also  resolved  into  insoluble  carbonates  and  soluble  alkaline  sulphate  by 
digestion  or  boiling  with  concentrated  solutions  of  carbonates  of  the 
alkahes  (comp.  §§  95,  12  ;  96,  9 ;  97,  9).  In  the  case  of  sulphate  of 
baryta,  however,  repeated  boiling  with  fresh  quantities  of  the  solution 
is  necessary  in  order  to  decompose  it. 

6.  On  fusing  sulphates  with  carbonate  of  soda  on  charcoal  in  the 
inner  flame  of  the  blowpipe,  or  on  heating  them  in  the  stick  of  charcoal 
(p.  24)  in  the  lower  reducing  flame,  the  sulphuric  acid  is  reduced,  and 
sulphide  of  sodium  formed,  which  may  be  readily  recognized  by  the 
odour  of  sulphuretted  hydrogen  produced  when  the  sample  and  the  part 
of  the  charcoal  into  which  the  fused  mass  has  penetrated  is  moistened, 
and  an  acid  added.  If  the  fused  mass  is  transferred  to  a  clean  silver 
plate,  or  a  polished  silver  coin,  and  moistened  with  water,  a  black  stain 
of  sulphide  of  silver  is  immediately  formed.  (Compounds  of  tellurium 
and  selenium  give  the  same  reaction.)  As  the  gas  flame  contains  sulphur 
compounds,  a  spirit  lamp  must  be  used  to  effect  the  fusion. 


Remarks. 

The  characteristic  and  exceedingly  delicate  reaction  of  sulphuric 
acid  with  salts  of  baryta  renders  the  detection  of  this  acid  an  easier 
task  than  that  of  almost  any  other.  It  is  simply  necessary  to  take 
care  not  to  confound  with  sulphate  of  baryta  precipitates  of  chloride 
of  barium,  and  particvilarly  of  nitrate  of  baryta,  which  are  formed  when 
aqueous  solutions  of  these  salts  are  mixed  with  liquids  containing  a  large 
proportion  of  free  hydrochloric  acid  or  free  nitric  acid.  It  is  very  easy 
to  distinguish  these  precipitates  from  sulphate  of  baryta,  as  they  re- 
dissolve  immediately  on  diluting  the  acid  solution  with  water.    It  is  a 
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rule  that  should  never  be  departed  from,  in  testing  for  sulphuric  acid 
with  chloride  of  barium,  to  dilute  the  solution  largely ;  a  little  hydro- 
chloric acid  should  also  be  added,  as  it  counteracts  the  adverse  influence 
of  many  salts,  citrates  of  the  alkalies,  for  instance.  Where  very  minute 
quantities  of  sulphuric  acid  are  to  be  detected,  the  mixture  should  be 
allowed  to  remain  for  several  hours  at  a  gentle  heat ;  the  trace  of  sul- 
phate of  baryta  formed  will  in  that  case  be  found  deposited  at  the  bottom 
of  the  vessel.  When  the  least  uncertainty  exists  about  the  nature  of 
the  precipitate  produced  by  chloride  of  barium  in  presence  of  hydro- 
chloric acid,  the  reaction  in  G  will  at  once  set  all  doubt  at  rest.  In 
looking  for  very  small  quantities  of  sulphuric  acid  in  the  presence  of 
much  hydrochloric  or  nitric  acid,  the  greater  part  of  the  latter  should 
first  be  evaporated  off  or  neutrahzed.  To  detect  free  sulphuric  acid 
in  presence  of  a  sulphate,  the  solution  is  mixed  with  a  very  little  cane- 
sugar,  and  evaporated  to  dryness  in  a  porcelain  dish  at  100\  If  free 
sulphuric  acid  be  present,  a  black  residue  will  remain,  or  in  the  case  of 
very  minute  quantities,  a  blackish-green  residue.  Other  free  acids  do 
not  decompose  cane-sugar  in  this  way.  This  test  may  also  be  applied 
by  adding  to  the  solution  a  very  small  quantity  of  cane-sugar,  about 
0"2-0-3  per  cent,;  strips  of  filter-paper  about  300  to  400  mm.  long  are 
then  placed  in  such  a  way  that  they  dip  into  the  Hquid  at  one  end 
only ;  after  remaining  for  twenty-four  hours  they  are  taken  out,  dried, 
and  heated  at  100°.  If  free  sulphm-ic  acid  is  present,  the  upper  edge 
of  the  part  that  was  moistened  will  become  brown  or  black,  and  ver}' 
frequently  quite  brittle  (Nessler). 

§  141. 

Hydrofluosilicic  Acid,  HF,SiF2  [H,SiF,]. 

Hydrofluosilicic  acid  is  a  white  deliquescent  mass  melting  at  19°,  and 
easily  soluble  in  water.  The  aqueous  solution  is  very  acid,  and  on  evapora- 
tion in  a  platinum  vessel  volatilizes  completely  as  fluoride  of  silicon  and 
hydrofluoric  acid ;  when  evaporated  in  glass,  it  etches  the  latter.  With 
bases,  it  forms  water,  and  silico-fluorides  of  the  metals,  which  are  most  of 
them  soluble  in  water,  redden  litmus-paper,  and  on  ignition  are  resolved 
into  metallic  fluorides  and  fluoride  of  silicon.  Chloride  of  barium  forms 
a  crystalline  precipitate  with  hydrofluosihcic  acid  (§  95,  6) ;  chloride  of 
strontium  gives  no  precipitate,  but  acetate  of  lead  in  excess  throws  down  a 
white  precipitate.  Salts  of  potassa  precipitate  transparent  gelatinous 
silico-fluoride  of  potassium;  ammonia  in  excess  throws  dowa  hy- 
drated  silicic  acid,  with  formation  of  fluoride  of  ammonium.  By  heat- 
ing metalhc  siHco-fluorides  with  concentrated  sulphuric  acid,  dense  fumes 
are  emitted  in  the  air,  arising  from  the  evolution  of  hydrofluoric  acid  and 
fluoride  of  silicon.  If  the  experiment  is  conducted  in  a  platinum  vessel 
covered  with  glass,  the  fumes  etch  the  glass  (§  146,  5) ;  the  residue  contains 
the  sulphates  formed. 

Third  Division  op  the  First  Group  of  the  Inorganic  Acids. 

§  142. 

a.  Phosphoric  Acid,  PO^  [PAl- 

1.  Phosphorus  is  a  colourless,  transparent,  waxy  solid,  of  1-83 
specific  gravity ;  it  is  insoluble  in  water,  somewhat  soluble  in  alcohol 
and  ether,  and  easily  soluble  in  bisulphide  of  carbon.  Taken  internally 
it  Acts  as  a  virulent  poison.    It  melts  at  44-3°,  and  boils  at  290°,  but 
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volatilizes  slightly  when  boiled  with  water  Exposed  to  the  action  of 
Zht  uX'^^^^^^^  t^^r^^  fi^^*  then  red  and  is  finally 

Sr^d  v^th  a  wl  L  crnst.  If  phosphorus  is  exposed  to  the  air  at  he 
Snary  temperature,  it  exhales  a  highly  charactemtic  and  most  dis- 
r.r3e  oZr,  whilst  copious  fumes  are  evolved  which  are  luminous  m 
theTark  These  fumes  ^e  formed  by  the  oxidation  of  the  vapour  of 
nhosphorus  and  consist  of  phosphoric  and  phosphorous  acids,  and  phos- 
ShSs  vxpour  When  the  air  is  moist,  ozone,  peroxide  of  hydrogen, 
Sdnitiite  o  'ammonia  are  produced  at  the  same  time  Phosphorus 
^ery  td  ly  taiesle,  burning  with  a  luminous  fla.ne  and  forming  white 
S  i  phosphoric  acid.  By  long  exposure  to  light,  or  by  long-con- 
tinued 1  Jting  at  250°,  phosphorus  is  converted  into  a  red  variety,  the 
so  ^lled  amorphous  phosphorus.  In  this  state,  it  does  not  alter  in  the  air 
t  is  not  luminous,  its  inflammabihty  is  much  decreased,  it  has  a  specific 
Wty  of  2-1,  and  is  insoluble  in  bisulphide  of  carbon  Nitric  acid  and 
nitrohydrochloric  acid  dissolve  phosphorus  pretty  readily  on  heating ;  the 
solutions  at  first  contain  phosphorous  acid  as  well  as  phosphoric  acid 
Hydrochloric  acid  does  not  dissolve  phosphorus.  If  phosphorus  is  boiled 
with  solution  of  soda  or  potassa,  or  with  milk  of  lime,  hypophosphites  and 
phosphates  are  formed,  whilst  spontaneously  inflammable  phosphuretted 
hydrogen  gas  escapes.  If  a  substance  containing  unoxidized  phosphorus 
is  placed  at  the  bottom  of  a  flask,  a  sHp  of  paper  moistened  with  solution 
of  nitrate  of  silver  suspended  inside  the  flask  by  means  of  a  cork  loosely 
inserted  into  the  mouth,  and  a  gentle  heat  applied  (from^  30  to  40  ), 
the  paper  slip  wiU  tiu-n  black  in  consequence  of  the  reducing  action  ot 
^;he  phosphorus  vapour,  even  though  only  a  most  mmute^  quantity  ot 
phosphorus  should  be  present.  If,  after  the  termination  of  the  reaction 
the  blackened  part  of  the  paper  is  boiled  with  water,  the  undecomposed 
^portion  of  the  silver  salt  precipitated  with  hydrochloric  acid,  the  solu- 
tion filtered,  and  the  filtrate  evaporated  as  far  as  practicable  on  the 
water-bath,  the  presence  of  phosphoric  acid  in  the  residue  may  be  shown 
by  means  of  the  reactions  described  below.  (J.  Scherer.)  It  must 
be  borne  in  mind  that  the  sUver  salt  is  blackened  also  by  sulphuretted 
hydrogen,  formic  acid,  volatile  products  of  putrefaction,  &c. ;  and  a,lso 
that  the  detection  of  phosphoric  acid  in  the  slip  of  paper  can  be  of  value 
only  when  the  nitrate  of  silver  and  the  filtering  paper  are  perfectly  free 
from  phosphorus.  As  regards  the  behaviour  of  phosphorus  when  boiled 
with  dilute  sulphuric  acid,  and  in  a  hydrogen  evolution  apparatus  m 
contact  with  zinc  and  dilute  sulphuric  acid,  see  §  227. 

2.  Anhydrous  phosphoric  acid  is  a  white,  snowlike  mass,  which 
rapidly  deliquesces  when  exposed  to  the  air ;  with  water  it  hisses  like 
a  red-hot  iron,  and  is  at  first  only  partially  dissolved ;  in  time,  however, 
the  solution  is  complete.  It  forms  with  water  and  bases  three  series 
of  compounds,  viz.,  with  3  equivalents  of  water  or  base,  ordinary 
hydrated  tribasic  phosphoric  acid  (orthophosphoric  acid)  or  common 
phosphates  (orthophosphates) ;  with  2  equivalents  of  water  or  base, 
hydrate  of  pyrophosphoric  acid  or  pyrophosphates ;  with  1  equivalent 
of  water  or  base,  hydrate  of  metaphosphoric  acid  or  metaphosphates. 
As  the  meta-  and  pyrophosphoric  acids  are  of  comparatively  rare  occur- 
rence, they  will  be  treated  less  fully  in  a  supplemental  paragivaph. 

3.  The  hydrate  of  tribasic  phosphoric  acid,  3HO,P05 
[H3POJ,  forms  colourless  transparent  crystals,  which  deliquesce  rapidly 
in  the  air  to  a  syrupy  non-caustic  liquid.    The  action  of  heat  changes  it 
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into  hytlrated  meta-  or  pyrophosphoric  acid,  according  as  1  or  2  equiva- 
lents of  water  are  expelled.  When  heated  in  an  open  platinum  dish, 
the  hydrate  of  common  phosphoric  acid,  if  pure,  volatihzes  completely, 
although  with  difficulty,  in  white  fumes. 

4.  The  tribasic  phosphates  with  fixed  bases  are  not  decomposed 
when  heated,  but  are  converted  into  pyrophosphates  if  they  contain 
1  equivalent  of  basic  water  or  ammonia,  and  into  metaphosphates  if  they 
contain  2  equivalents.  Of  the  tribasic  phosphates,  those  with  alkaline 
base  alone  are  soluble  in  water,  in  the  neutral  state.  The  solutions 
have  an  alkaline  reaction.  If  pyro-  or  metaphosphates  are  fused  with 
carbonate  of  soda,  the  fused  mass  invariably  contains  the  phosphoric 
acid  in  the  tribasic  state. 

5.  Chloride  of  barium  in  aqueous  solutions  of  the  neutral  or  basic- 
phosphates  of  the  alkalies,  but  not  in  solutions  of  the  hydrate,  produces 
a  white  precipitate  of  phosphate  of  baryta,  2BaO,HOPO^  [BaHPOJ, 
or  SBaOjPOj  [Ba3(P04),J,*  which  is  soluble  in  hydrochloric  and  nitric 
acids,  but  only  sparingly  soluble  in  chloride  of  ammonium. 

6.  Solution  of  sulphate  of  lime  in  neutral  or  alkaline  solutions  of 
phosphates,  but  not  in  solutions  of  the  hydrate,  produces  a  white  preci- 
pitate of  phosphate  of  lime,  2CaO,HO,PO.  [CaHPO,],  or  3CaO,PO, 
LCa^{PO^\],  which  as  long  as  it  is  amorphous  dissolves  readily  in  acids^ 
even  acetic  acid,  and  is  soluble  also  in  chloride  of  ammonium. 

7.  Sulphate  of  magnesia  produces  in  concentrated  neutral  solu- 
tions of  phosphates  of  the  alkalies  a  white  precipitate  of  phosphate 
of  magnesia,  2MgO,HO,PO,  +  14aq  [MgHP0„7H,0],  which  often 
separates  only  after  some  time ;  on  boiUng,  a  precipitate  of  basic 
salt,  3MgO,P05  -1-  7aq  [Mg3(POi)„,7H20],  is  thrown  down  immediately. 
The  latter  is  also  formed  when  sulphate  of  magnesia  is  added  to  a  solu- 
tion of  a  basic  alkaline  phosphate.  If,  however,  a  mixture  of  sulphate 
of  magnesia  and  ammonia  with  sufficient  chloride  of  ammonium  to 
redissolve  the  precipitate  of  hydrate  of  magnesia  is  added  to  a  solution 
of  free  phosphoric  acid  or  of  an  alkahne  phosphate,  a  white,  crystal- 
line, and  quickly  subsiding  precipitate  of  basic  phosphate  of  mag- 
nesia and  ammonia,  2MgO,NHp,PO,  +  12aq  [MgNH,P0„6H,0],  k 
formed,  even  in  highly  dilute  solutions.  This  precipitate  is  insoluble  in 
ammonia  and  only  very  sparingly  soluble  in  chloride  of  ammonium,  but 
dissolves  readily  in  acids,  even  acetic  acid.  Yery  often,  it  makes  it& 
appearance  only  after  the  lapse  of  some  time]  stirring  promotes  its 
separation  (§  98,  8).  The  reaction  cannot  be  considered  decisive  uidess- 
arsenic  acid  is  absent  (§  133,  9). 

8.  Nitrate  of  silver  throws  down  from  solutions  of  neutral  and 
basic  alkaline  phosphates  a  light  yellow  pi-ecipitate  of  phosphate  of 
silver,  3AgO,POs  [AgjPOJ,  readily  soluble  in  nitric  acid  and  in  am- 
monia. If  the  solution  contains  a  basic  phosphate,  the  liquid  in  which 
the  precipitate  is  suspended  has  a  neutral  reaction  ;  whilst  the  reaction 
is  acid  if  the  solution  contains  a  neutral  phosphate.  The  acid  reaction 
in  the  latter  case  arises  from  the  circumstance  that  the  nitric  acid 
receives  for  the  3  eq.  of  oxide  of  silver  which  it  yields  to  the  phosphoric 
acid,  only  2  eq.  of  alkali  and  1  eq.  of  water. 

*  A  precipitate  of  the  former  composition  is  produced  in  solutions  containing 
an  alkaline  phosphate  with  2  equivalents  of  a  fixed  base  or  ammonia;  whilst 
precipitates  of  the  latter  composition  are  formed  in  solutions  which  contain  an 
alkaline  phosphate  with  3  equivalents  of  a  fixed  base  or  ammonia. 
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9  If  to  a  solution  containing  phosphoric  acid  and  the  least  possible 

Ift^'be ^W?ed,  ai  feriic  acetate  (of  red  colour)  would  thereby  be 
frmed  iif  which  the  precipitate  is  not  insoluble.  This  reaction  is  of 
lortnTe^lsTt  enable?  us  to  detect  the  phosphoric  acid  in  phosphates 
Tthe  alk^ine  eai-ths;  but  it  can  be  considered  deci-ve  only  whe^^^ 
arsenic  acid  is  absent,  as  the  latter  gives  a  similar  reaction.  To  effect 
Ihe  complete  separation  of  phosphoric  acid  from  the  alkaline  earths,  a 
sufficient  quantity  of  ferric  chloride  is  added  to  impart  a  reddi.sh  colour 
to  the  solution,  which  is  then  boiled  (whereby  the  whole  of  the  ferric 
oxide  is  thrown  down,  partly  as  phosphate  partly  .  ^^^^^^.^*^)' 
and  filtered  hot  The  filtrate  contains  the  alkahne  earths  as  chloiides. 
If  it  is  desired  to  detect,  by  means  of  this  reaction,  phosphoric  acid  in 
presence  of  a  large  proportion  of  ferric  oxide  the  ^drocWoric  acid 
solution  is  boiled  with  sulphite  of  soda  until  the  f  erric  chloride  is  reduced 
to  ferrous  chloride,  as  indicated  by  the  decolorization  of  the  so  ution  ; 
carbonate  of  soda  is  added  until  the  solution  is  nearly  neutral,  then 
acetate  of  soda,  and  finally  1  drop  of  ferric  chloride.  The  reason  for 
this  proceeding  is,  that  ferrous  acetate  does  not  chssolve  phosphate  of 

sesquioxide  of  iron,  ^  ^       „  .  . 

10  If  a  few  cc.  of  the  solution  of  molybdate  of  ammonia  in 
nitric  acid  (§  52)  are  poured  into  a  test  tube,  and  a  little  of  a  solution 
containing  phosphoric  acid  in  neutral  or  acid  solution  is  added,  a  light- 
veUow  finely  divided  precipitate  is  formed  at  once  or  after  a  very  short 
time,  even  in  the  cold,  if  the  quantity  of  phosphoric  acid  is  not  very 
smaU:  this  precipitate  speedily  subsides  to  the  bottom  of  the  tube,  or  is 
deposited  on  the  sides.  With  exceedingly  minute  quantities  ot  phos- 
phoric acid,  for  example,  0-00002  gram,  a  few  hours  must  be  allowed  for 
the  reaction  to  take  place,  and  it  should  be  aided  also  by  applying  a 
gentle  heat,  but  not  higher  than  40°.  If  no  other  colouring  substances 
are  present,  the  liquid  above  the  precipitate  appears  colourless.  _  ihe 
volume  of  the  solution  to  be  tested  should  never  exceed  one-thu-d  ot 
that  of  the  reagent,  and  a  yellow  coloration  merely  should  never  be 
considered  as  a  proof  of  the  presence  of  phosphoric  acid. 

The  yellow  precipitate  contains  molybdic  acid,  ammonia,  water, 
and  a  little  phosphoric  acid  (about  3  per  cent.).  As  it  is  insoluble  m 
dilute  acids  only  in  presence  of  an  excess  of  molybdic  acid,  it  should  be 
borne  in  mind  that  the  addition  of  phosphoric  acid  m  excess  wiU  neces- 
sarily prevent  its  formation.  A  large  amount  of  hydrochloric  acid  and 
certain  organic  substances,  such  as  tartaric  acid,  will  impede  or  prevent 
the  precipitation.  The  precipitate,  after  subsiding,  may  be  readily  recog- 
nized even  in  dark-coloured  liquids.  By  washing  it  with  the  solution 
of  molybdate  of  ammonia  with  which  the  precipitation  has  been  eftected, 
dissolving  in  ammonia,  and  adding  a  mixture  of  sulphate  of  magnesia, 
chloride  of  ammonium,  and  ammonia,  phosphate  of  magnesia  and 
ammonia  is  produced.  . 

By  conducting  the  operation  in  the  manner  above  stated,  phosphoric 
acid  cannot  well  be  confounded  with  any  other  acid ;  since  arsenic  acid 
in  live  cold  gives  no  precipitate  with  solution  of  molybdate  of  ammonia 
in  nitric  acid,  although  it  gives  one  when  heated,  and  especially  when 
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boiled  (the  supernatant  liquid  appears  yellow) ;  whilst  silicic  acid  shows 
no  reaction  with  it  in  the  cold,  and  gives  only  a  strong  yellow  coloration 
on  heating,  and  no  precipitate. 

11.  If  a  finely  powdered  substance  containing  phosphoric  acid  (or 
a  metallic  phosphide)  is  intimately  mixed  with  5  parts  of  a  flux  con- 
sisting of  3  parts  of  carbonate  of  soda,  1  part  of  nitrate  of  potassa,  and 
1  part  of  silicic  acid,  the  mixture  fused  in  a  platinum  spoon  or  ci-ucible, 
the  fused  mass  boiled  with  watei-,  the  solution  thus  obtained  decanted, 
carbonate  of  ammonia  added  to  it,  the  liquid  boiled  again,  and  the  silicic 
acid  which  is  thereby  precipitated  filtered  off,  the  filtrate  now  holds  in 
solution  an  alkaline  phosphate,  and  may  accordingly  be  tested  for  phos- 
phoric acid  as  directed  in  7,  8,  9,  or  10. 

12.  On  igniting  and  pulverizing  a  substance  containing  phosphoric 
acid,  placing  it  in  a  tube  of  the  thickness  of  a  straw  and  sealed  at  one 
end,  adding  a  fragment  of  magnesium  wire  about  2  lines  long  (or  a 
small  piece  of  sodium),  which  should  be  covered  by  the  sample,  and 
then  heating,  a  vivid  incandescence  will  be  observed  and  phosphide  of 
magnesium  (or  of  sodium)  will  be  formed.  When  the  black  contents 
of  the  tube  are  crushed  and  moistened  with  water  they  exhale  the 
characteristic  odour  of  phosphuretted  hydrogen.  (Winkelblech, 
Bunsen.) 

13.  Albumin  is  not  precipitated  by  solution  of  hydrate  of  tribasic 
phosphoric  acid,  or  by  a  solution  of  a  tribasic  phosphate  mixed  with 
acetic  acid. 

§  143. 

a.  Pyrophosplioric  acid.  The  solution  of  the  hydrate,  2HO,P05 
[H4P20r],  is  converted  by  boiling  into  solution  of  the  hydrate  of  ortho- 
phosphoric  acid.  The  solutions  of  the  salts  bear  heating  without  undergoing 
decomposition,  but  when  boiled  with  a  strong  acid  the  phosphoric  acid  is 
converted  into  the  tribasic  state.  If  the  salts  are  fused  with  carbonate  of 
soda  in  excess,  tribasic  phosphates  are  produced.  Of  the  neutral  pyrophos- 
phates, only  those  with  alkaline  bases  are  soluble  in  water ;  the  acid  salts, 
such  as  NaOjHO.POg  [Na.,H2P207],.  are  converted  into  metaphosphates, 
NaO,P05  [NaPOj],  by  ignition.  Chloride  of  barium  does  not  precipitate 
the  free  acid,  but  from  solutions  of  the  salts  it  throws  down  white  pyro- 
phosphate of  baryta,  2BaO,P05  [BajP^O,],  soluble  in  hydrochloric  acid. 
IsTitrate  of  silver  throws  down  from  a  solution  of  the  hydrate,  especially 
on  addition  of  an  alkali,  a  white,  earthy-looking  precipitate  of  pyrophos- 
phate of  silver,  2AgO,P05  [Ag4P20,],  which  is  soluble  in  nitric  acid  and  in 
ammonia.  Sulphate  of  magnesia  precipitates  pyrophosphate  of  mag- 
nesia, 2MgO,P05  [MgjPoO,].  Tbe  precipitate  dissolves  in  excess  of  the 
pyrophosphate,  as  well  as  in  an  excess  of  the  sulphate  of  magnesia.  Ammo- 
nia fails  to  precipitate  it  from  these  solutions ;  on  boiling  the  solution,  it 
separates  again  (means  of  detecting  pyrophosphoric  acid  in  presence  of  phos- 
phoric acid).  A  concentrated  solution  of  luteo-cobaltic  cMoride  added 
to  an  alkaline  pyrophosphate  produces  an  immediate  precipitation^  of  pale 
reddish-yellow  spangles,  (This  distinguishes  pyrophosphoric  acid^  from 
phosphoric  and  metaphosphoric  acids,  0.  D.  Braun.)  Albumin  is  not 
precipitated  by  solution  of  the  hydrate  nor  by  solutions  of  the  salts  mixed 
with  acetic  acid.  Molybdate  of  ammonia,  with  addition  of  nitric  acid,  gives 
no  precipitate  at  first.  After  a  time  yeUow  phosphomolybdate  of  ammonia 
separates,  the  pyrophosphoric  acid  being  changed  into  orthophosphoric  acid. 

/3.  Metaphosphoric  acid.  Five  sorts  of  monobasic  phosphates  (meta- 
phosphates) are  known,  and  the  hydrates  corresponding  with  most  of  these 
have  also  been  obtained.  The  several  reactions  by  which  these  may  be 
distinguished  will  not  be  given  here,  but  it  may  be  remarked  that  the  mono- 
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basic  phosphoric  acids  differ  from  the  bibasic  and  tnbaaic  phosphoric  acids 
in  that  the  solutions  of  the  hydrates  of  the  monobasic  acids  precipitate 
albumin  at  once,  whilst  the  solutions  of  their  salts  do  so  after  addition 
of  acetic  acid.  Those  hydrates  and  salts  which  are  precipitated  by  nitrate 
of  silver  yield  white  precipitates.  A  mixture  of  sulphate  of  magnesia, 
chloride  of  ammonium,  and  ammonia  gives  no  precipitate  with  the  monobasic 
phosphoric  acids  or  their  salts,  or  if  a  precipitate  is  produced  it  dissolves  m 
chloride  of  ammonium.  All  monobasic  phosphates,  when  fused  with  car- 
bonate of  soda,  yield  tribasic  phosphate  of  soda. 


§  144. 

1).  Boric  Acid  or  Boracic  Acid,  BO3  [BA]- 

1.  Boric  acid,  in  the  anhydrous  state,  is  a  colourless,  fixed  vitreous 
substance,  fusible  at  a  red  heat;  the  hydrate  of  boric  acid,  HOjBOj 
[HBOo],  is  a  porous,  white  mass;  in  the  crystalline  state,  HOjBOg  +  2aq 
£HBO,,H,0],  it  forms  small  scaly  laminse.  It  is  soluble  in  water  and  in 
spirit  of  wine ;  on  evaporating  the  solutions,  a  large  proportion  of  the 
boric  acid  volatilizes  along  with  the  aqueous  or  alcoholic  vapour.  The 
solutions  redden  litmus-paper,  and  impart  to  turmeric-paper  a  faint 
brown-red  tint,  which  becomes  deeper  on  drying.  The  borates  are 
not  decomposed  by  ignition ;  those  with  alkaline  bases  alone  are  readily 
soluble  in  water.  The  solutions  of  borates  of  the  alkalies  are  colourless, 
and  all  of  them,  even  those  of  the  acid  salts,  exhibit  an  alkaline  reaction. 

2.  Chloride  of  barium  produces  in  solutions  of  borates,  if  not  too 
dilute,  a  white  precipitate  of  borate  of  baryta,  which  is  soluble 
in  acids  and  ammoniacal  salts.  The  formula  of  tliis  precipitate,  when 
thrown  down  from  solutions  of  neutral  borates,  is  BaOjBOj  +  2aq 
[BaB,0^,2H.O] ;  when  thrown  down  from  solutions  of  acid  borates, 
3BaO,5BO,  +  6aq  [Ba^B.oO^.eH.O]  ( H.  Kose). 

3.  Nitrate  of  silver  in  concentrated  solutions  of  neutral  borates  of 
the  alkalies  produces  a  white  precipitate,  inclining  slightly  to  yellow 
from  admixture  of  free  oxide  of  silver,  AgOjBOg  +  HO  [2AgB0.,,H„0] ; 
in  concentrated  solution  of  acid  borates,  a  white  precipitate  of  3  AgO,4B03 
[AgsBgOiJ  is  produced.  With  dilute  solutions  of  borates,  nitrate  of  silver 
gives  a  brown  precipitate  of  oxide  of  silver  (H.  Rose).  AU  these 
precipitates  dissolve  in  nitric  acid  and  in  ammonia. 

4.  If  dilute  sulphuric  acid  or  hydrochloric  acid  is  added  to  very 
concentrated,  hot  solutions  of  alkaline  borates,  the  boric  acid  separates 
on  cooling,  in  the  form  of  shining  crystalline  scales. 

5.  If  alcohol  is  poured  on  to  free  boric  acid,  or  a  borate  to  which 
a  sufficient  quantity  of  concentrated  sulphuric  acid  has  been  added  to 
liberate  the  boric  acid,  and  then  ignited,  the  flame  appears  of  a  very 
distinct  yellowish -green  colour,  especially  on  stii-ring  the  mix- 
ture; this  tint  is  imparted  to  the  flame  by  the  boric  acid  which 
volatilizes  with  the  alcohol.  The  delicacy  of  this  reaction  may  be 
considerably  heightened  by  heating  the  dish  which  contains  the  alcoholic 
mixture,  igniting  the  alcohol,  allowing  it  to  burn  for  a  short  time,  then 
extinguishing  the  flame,  and  afterwards  rekindling  it.  At  the  first 
flickering  of  the  flame  its  borders  will  now  appear  green,  even  if  the 
quantity  of  boric  acid  is  so  minute  that  it  imparts  no  colour  to  the 
flame  when  treated  in  the  usual  manner.  Concentrated  sidjjhuric 
acid  must  be  used,  and  not  too  little  of  it.     As  salts  of  copper  also 
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impart  a  green  tint  to  the  flame  of  alcohol,  any  copper  which  may  be 
present  must  first  be  removed  by  means  of  sulphuretted  hydrogen. 
The  presence  of  metallic  chlorides  also  may  lead  to  mistakes,  as  the 
chloride  of  ethyl  formed  in  that  case  colours  the  borders  of  the  flame 
bluish-green. 

6.  If  a  solution  of  boric  acid,  or  of  a  borate  with  an  alkali  or  an 
alkahne  earth  for  base,  is  mixed  with  hydrochloric  acid  to  shght,  but 
distinct,  acid  reaction,  and  a  slip  of  turmeric-paper  is  dipped  into  it, 
and  then  dried  on  a  watch-glass  at  100°,  the  part  which  has  been 
moistened  with  the  solution  shows  a  pecuHar  red  tint  (H.Rose). 

This  reaction  is  very  delicate ;  care  m\ist  be  taken  not  to  confound 
the  characteristic  red  coloration  with  the  blackish-brown  colour  which 
turmeric-paper  acquires  when  moistened  with  rather  concentrated 
hydrochloric  acid,  and  then  dried ;  nor  with  the  brownish-red  coloration 
which  ferric  chloride,  or  a  hydrochloric  acid  solution  of  molybdate 
of  ammonia  or  of  zirconia,  gives  to  turmeric-paper,  more  particularly 
on  drying.  By  moistening  turmeric-paper  reddened  by  boric  acid  with 
a  solution  of  an  alkali  or  an  alkaline  carbonate,  the  colour  is  changed  to 
bluish-black  or  greenish-black ;  but  a  little  hydrochloric  acid  wUl  at  once 
restore  the  brownish-red  colour  (A.  Vogel,  H.  Ludwig). 

7.  If  a  substance  containing  boric  acid  is  reduced  to  a  fine  powder, 
moistened  with  a  few  drops  of  water,  mixed  with  3  parts  of  a  flux 
composed  of  4^  parts  of  bisulphate  of  potassa  and  1  pa,rt  of  finely 
pulverized  fluoride  of  calcium,  free  from  boric  acid,  and  the  paste- 
exposed  on  the  loop  of  a  platinum  wire  in  the  outer  mantle  of  the  Bunsen 
gas  flame,  or  at  the  apex  of  the  inner  flame  of  the  blowpipe,  fluoride  of 
boron  escapes,  which  imparts  to  the  flame — though  only  for  a  few 
instants — a  green  tint  (Turner).  With  readUy  decomposible  com- 
pounds, the  reaction  may  be  obtained  by  simply  moistening  the  sample 
with  hydrofluosilicic  acid,  and  holding  it  in  the  flame.  The  delicacy  of 
this  reaction  may  be  increased  by  intimately  mixing  the  substance  to 
be  examined  with  silica  and  fluor  spar,  adding  a  smaU  piece  of  marble,, 
and  heating  the  mixture  in  a  test  tube  with  concentrated  sulphm-ic 
acid ;  the  evolved  gases  should  be  led  into  a  Bunsen  flame  by  means 
of  a  glass  tube  fitted  with  a  platinum  mouthpiece  (Kammerer). 

8.  On  heating  a  diy  substance  containing  boric  acid  to  redness  with 
haK  or  an  equal  volume  of  silicofluoride  of  ammonium  *  iti  a  closed 
tube,  a  sublimate  of  ammonium  borofluoride  is  obtained,  which,  when 
heated  in  a  Bunsen  flame,  tinges  it  green;  with  turmeric-paper,  its 
aqueous  solution  yields  the  reaction  mentioned  in  6.  If  the  substance 
to  be  tested  contains  a  free  acid,  a  slight  excess  of  sodium  carbonate 
must  be  added  (Stolba). 

9.  Boric  acid  or  borates,  even  in  very  small  quantity,  if  fused  with 
carbonate  of  soda  on  the  loop  of  a  platinum  wire,  and  then  placed  in 
the  flame  of  the  spectrum  apparatus,  give  a  spectrum  of  foiu-  well- 
marked  lines  of  equal  width,  equidistant  from  each  other.  B^  is 
brilliant  yellowish-green  (coinciding  with  Bay),  Bj  is  brilUant  light- 
green  (coinciding  with  Ba/3),  B3  is  pale  bluish-green  (nearly  coinciding 
with  the  blue  barium  line),  B^  is  blue,  very  pale,  not  quite  reachmg 
SrS  (Simmler). 

If  a  finely  powdered  substance  containing  boric  acid  is  mixed  to  a 
*  This  salt  may  be  prepared  by  cautiously  neutralizing  hydrofluosilicic  acid 
■with  ammonia,  filtering,  and  evaporating  in  a  platinum  dish. 
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paste  with  glycerin  and  placed  in  the  flame  of  a  Bunsen  burner,  a  green 
flame  is  obtained  well  fitted  for  spectrum  analysis  (M.  W.  lies). 


§  145. 

c.  Oxalic  Acid,  cp,  =  0  [CAL 


1.  The  hydrate  of  oxalic  acid,  2H0,Cp„  [H  C  Oj  as  a  white 
powder;  the  crystallized  acid,  2H0,Cp,  +  4aq  [H.AO,.2H  O],  forms 
colourless  rhombic  prisms.  Both  dissolve  readily  m  water  and  in  spirit 
of  wine.  When  rapidly  heated  in  open  vessels,  part  of  the  hydrated 
acid  undergoes  decomposition,  whilst  another  portion  volatilizes  un- 
altered. The  fumes  of  the  volatilizing  acid  are  very  irritating,  and 
provoke  coughing.  If  the  hydrate  is  heated  in  a  test-tube,  part  of  it 
sublimes  unaltered. 

2.  The  whole  of  the  oxalates  undergo  decomposition  at  a  red  heat, 
the  oxalic  acid  being  converted  into  carbonic  acid  and  carbonic  oxide. 
The  oxalates  of  the  alkalies  and  of  baryta,  strontia,  and  lime  are  in  this 
process  converted  into  carbonates  (if  pure,  and  if  gently  heated,  almost 
without  separation  of  charcoal).  Oxalate  of  magnesia  is  converted  into 
pure  magnesia  even  by  a  very  gentle  red  heat.  The  oxalates  with 
metallic  bases  leave  either  the  pure  metal  or  the  oxide  behind,  according 
to  the  reducibility  of  the  metallic  oxide.  The  alkaKne  oxalates,  and  also 
some  of  the  oxalates  with  metallic  bases,  are  soluble  in  water. 

3.  Chloride  of  barium,  in  neutral  solutions  of  alkaline  oxalates, 
produces  a  white  precipitate  of  oxalate  of  baryta,  2BaO,C A  f  2aq 
[BaCAiH.O];  this  is  very  sparingly  soluble  in  water,  more  readily  in 
water  containing  chloride  of  ammonium,  acetic  acid,  or  oxalic  acid,  freely 
in  nitric  acid  and  in  hydrochloric  acid ;  ammonia  reprecipitates  it  from 
the  latter  solutions  unaltered. 

4.  Nitrate  of  silver,  in  solutions  of  oxalic  acid  and  of  alkaline  ox- 
alates, produces  a  white  precipitate  of  oxalate  of  silver,  2AgO,OA 
[AgjCoOJ,  which  is  readily  soluble  in  concentrated  hot  nitric  acid,  and 
also  in  ammonia,  but  dissolves  with  difficulty  in  dilute  nitric  acid,  and 
is  veiy  sparingly  soluble  in  water. 

5.  Lime  water  and  all  the  soluble  salts  of  lime,  including  solu- 
tion of  sulphate  of  lime,  produce,  even  in  highly  dilute  solutions  of 
oxalic  acid  or  of  oxalates  of  the  alkalies,  a  white  finely  pulverulent  pre- 
cipitate of  oxalate  of  lime,  2CaO,CP5  4- 2aq  [CaCA.HjO],  and  occa- 
sionally 2CaO,CPs+  6aq  [CaC20„3H.p] ;  this  dissolves  readily  in  hydro- 
chloric acid  and  in  nitric  acid,  but  is  almost  insoluble  in  oxalic  acid  and 
in  acetic  acid,  and  practically  insoluble  in  water.  The  presence  of  salts 
of  ammonia  does  not  interfere  with  the  formation  of  these  precipitates. 
Addition  of  ammonia  considerably  promotes  the  precipitation  of  free 
oxalic  acid  by  salts  of  lime.  In  very  dilute  solutions,  the  precipitate 
is  only  formed  after  some  time. 

6.  If  hydrated  oxalic  acid  or  an  oxalate,  in  the  dry  state,  is  heated 
with  excess  of  concentrated  sulphuric  acid,  the  latter  mthdraws 
from  the  oxalic  acid  its  constitutional  water  or  base,  and  it  then  decom- 
poses into  carbonic  acid  and  carbonic  oxide,  0^  =  200  +  200, 
tC203=CO  +  COJ,  which  escape  with  effervescence.  If  the  quantity 
operated  on  is  not  too  small,  the  carbonic  oxide  may  be  kindled ;  it 
burns  with  a  blue  flame.    If  the  sulphuric  acid  acquires  a  dark  colour 
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in  this  reaction,  it  shows  that  the  oxalic  acid  contained  some  foreign 
organic  substance. 

7.  If  oxalic  acid  or  an  oxalate  is  mixed  with  finely  pulverized  bin- 
oxide  of  manganese  (which  must  be  free  from  carbonates),  a  little 
water  added  and  a  few  drops  of  sulphuric  acid,  a  lively  effervescence 
takes  place,  caused  by  escaping  carbonic  acid, 

2MnO,  +  Cp„,2H0  +  2H0,S0,    2(MnO,SO,)  +  4C0,  +  4H0 
[M  nO,  +  H         +  HoSO",  -  MnSO,  +  2CO,  +  2H,0]. 
!Free  oxalic  acid  gives  this  reaction  without  the  addition  of  sulphuric 
acid,  but  less  readily. 

8.  If  oxalates  of  alkaline  earths  are  boiled  with  a  concentrated  solu- 
tion of  carbonate  of  soda,  and  filtered,  the  oxalic  acid  is  obtained  in 
the  filtrate  in  combination  with  soda,  whilst  the  precipitate  contains 
the  base  as  carbonate.  With  oxalates  containing  oxides  of  heavy 
metals  as  the  base,  this  is  not  always  attended  with  the  desired  result, 
as  many  of  these  oxalates — oxalate  of  protoxide  of  nickel,  for  example — 
will  partially  dissolve  in  the  alkaline  fluid,  with  formation  of  a  double 
salt.    Metals  of  this  kind  should  therefore  be  separated  as  sulphides. 

9.  For  the  detection  of  oxalic  acid  as  oxalate  of  lime  by  means  of 
the  microscope,  see  0.  Bischoff  (Zeit.  anal.  Chem.  22,  633).  [ 

§  146. 

d.  Hydrofluoric  Acid,  HF  [HF]. 

1.  Anhydrous  hydrofluoric  acid  is  a  colourless  liquid  which 
fumes  in  the  air,  boils  at  19*4°,  and  is  freely  dissolved  by  water.  Aqueous 
hydrofluoric  acid  is  distinguished  from  all  other  acids  by  the  property 
it  has  of  dissolving  silica,  and  also  of  dissolving  or  decomposing  the 
siHcates  which  are  insoluble  in  hydrochloric  acid ;  hydrofluosUicic  acid 
and  water  are  formed  in  the  process  of  solution, 

SiOj  +  3HF  =  SiF„HF  +  2H0  [SiO, + 6H  F  =  H.Si  F,  +  2H,0]. 
With  metallic  oxides,  hydrofluoric  acid  forms  metallic  fluorides  and  water. 

2.  The  fluorides  of  the  alkali  metals  are  soluble  in  water;  the 
solutions  have  an  alkaline  reaction.  The  fluorides  of  the  metals  of  the 
alkaline  earths  are  either  insoluble  or  only  very  sparingly  soluble  in 
water.  Fluoride  of  aluminium  is  insoluble.  Most  of  the  fluorides  of 
the  heavy  metals  are  very  sparingly  soluble  in  water,  as  the  fluorides  of 
copper,  lead,  and  zinc,  whilst  others  dissolve  in  water  without  difficulty, 
as  the  fluorides  of  nickel,  cobalt,  silver,  antimony,  and  tin.  Many  of 
the  fluorides  insoluble  or  sparingly  soluble  in  water  dissolve  in  free 
hydrofluoric  acid ;  others  do  not.  Most  of  the  fluorides  bear  ignition  in 
a  crucible  without  undergoing  decomposition. 

3.  Chloride  of  barium  precipitates  aqueous  solutions  of  hydro- 
fluoric acid,  but  much  more  completely  solutions  of  fluoi-ides  of  the 
alkali  metals.  The  bulky  white  precipitate  of  fluoride  of  barium, 
BaF  [BaFJ,  is  almost  absolutely  insoluble  in  water,  but  dissolves  in 
large  quantities  of  hydrochloric  acid  or  nitric  acid  ;  ammonia  does  not 
precipitate  these  solutions,  or  only  very  incompletely,  owing  to  the 
solvent  action  of  the  neutral  ammonia  salts. 

4.  Chloride  of  calcium,  in  aqueous  solutions  of  hydrofluoinc  acid 
or  of  fluorides,  produces  a  gelatinous  precipitate  of  fluoride  of  calcium, 
CaF  [CaFj],  which  is  so  transparent  as  to  induce  the  belief  that  the 
solution  has  remained  clear.    The  addition  of  ammonia  promotes  the 
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the  solution  oVonly  a  very  triflmg  one,  as  the  salt  of  ammonia  formed 
tne  souiuon,  oi  ui  y  -n,i,-^_,-j„  calcium  is  scarcely  more  soluble  m 
]^  eTytl^Stdd  tlfanintafer^^^     is  insoluble  i^  alkaline  liquids. 

5  If  a  finely  pulverized  fluoride,  no  matter  whether  soluble  or  in- 
soluble is  treated  in  a  platinum  crucible  with  just  enough  concen- 
trated sulphuric  acid  to  make  it  into  a  thin  paste,  the  crucible 
covered  Sthe  convex  face  of  a  watch-glass  of  hard  glass  coated  with 
bees'-wax,  which  has  been  removed  again  in  some  p  aces  by  tracing  lines 
in  ?t  with  a  pointed  piece  of  wood,  the  hollow  of  the  glass  filled  with 
water,  and  the  crucible  gently  heated  for  the  space  of  half  an  hour  or 
In  hour,  the  exposed  lines  will,  on  removal  of  the  wax,  be  found  to  be 
more  or  less  deeply  etched  into  the  glass.    (The  coating  with  wax 
may  be  readily  effected  by  heating  the  glass  cautiously,  putting  a  small 
piece  of  wax  upon  the  convex  face,  and  spreading  the  fused  mass 
eauallv  over  it.    The  removal  of  the  wax  coating  is  effected  by  heating 
the  glass  gently,  and  wiping  with  a  cloth.)    If  the  quantity  of  hydro- 
fluoric acid  disengaged  by  the  sulphuric  acid  is  very  minute,  the  etching 
is  often  invisible  on  the  removal  of  the  wax;  it  will,  however,  m  such 
cases  appear  when  the  glass  is  breathed  upon  :  this  appearance  of  the 
etched  lines  is  owing  to  the  unequal  capacity  of  condensmg  water  which 
the  etched  and  the  untouched  parts  of  the  plate  respectively  pos^sess. 
The  impressions  which  thus  appear  on  breathing  on  the  glass  may,  how- 
ever owe  theii'  origin  to  other  causes ;  therefore,  though  their  non- 
appearance may  be  held  as  a  proof  of  the  absence  of  fluorine,  their 
appearance  is  not  a  positive  proof  of  the  presence  of  that  element.  At 
all  events,  they  ought  only  to  be  considered  of  value  where  they  can  be 
developed  again  after  the  glass  has  been  properly  washed  with  water, 
dried,  and  wiped.* 

This  reaction  fails  if  there  is  too  much  silicic  acid  present,  or  it  the 
substance  is  not  decomposed  by  sulphuric  acid.  In  such  cases,  one  of 
the  two  following  methods  is  resorted  to,  according  to  circumstances.  _ 

6.  If  we  have  to  deal  with  a  fluoride  decomposable  by  sulphuric 
acid,"  but  mixed  with  a  large  proportion  of  silicic  acid,  the  fluorine  in  it 
may  be  detected  by  heating  the  mixture  in  a  test-tube  with  concen- 
trated sulphuric  acid,  as  gaseous  fluoride  of  silicon  is  evolved 
under  these  conditions  and  forms  dense  white  fumes  on  coming  in  contact 
with  moist  air.  If  the  gas  is  passed  into  water  through  a  bent  tube 
moistened  inside,  the  latter  has  its  transparency  more_  or  less  impaired, 
•  owing  to  the  separation  of  silicic  acid.  If  the  quantity  operated  upon 
is  rather  considerable,  hydrated  sihcic  acid  separates  in  the  water,  and 
the  solution  is  rendered  acid  by  hydrofluosilicic  acid. 

*  J.  NickUs  states  that  etchings  on  glass  may  be  obt.ained  with  all  kinds  of 
sulphuric  acid,  and,  in  fact,  with  all  acids  suited  to  effect  the  evolution  of  hydro- 
fluoric acid.  The  author  has  tried  watch-glasses  of  Bohemian  glass  with  sulphuric 
and  other  acids,  but  could  get  no  etchings  in  confirmation  of  this  statement.  Still, 
proper  caution  demands  that  before  using  the  sulphuric  acid,  it  should  first  be 
positively  ascertained  that  its  fumes  will  not  etch  glass.  Should  the  sulphuric 
acid  contain  hydrofluoric  acid,  the  latter  may  he  easily  removed  by  diluting  with 
an  equal  volume  of  water  and  evaporating  in  a  platinum  dish  to  the  original 
strength. 
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The  following  process  answers  best  for  the  detection  of  small  quan-B 
titles  of  fluorine.  The  substance  is  heated  with  concentrated  sulphuric 
acid  in  a  flask  closed  with  a  cork  having  two  perforations,  in  which  two 
tubes  are  inserted,  one  reaching  to  the  bottom  of  the  flask,  wliilst  the 
other  terminates  immediately  inside  the  cork.  Through  the  longer 
tube  a  slow  stream  of  dry  air  is  drawn  into  the  flask,  and  then,  as  it 
reissues  through  the  other  tube,  into  a  U-tube  furnished  with  a  little 
bulb  at  the  bottom  containing  a  few  drops  of  water,  and  connected  with 
an  aspirator.  The  fluoride  of  silicon  which  is  carried  over  by  the  air  is 
decomposed  by  the  water  with  separation  of  hydrated  silicic  acid.  In 
this  way  very  small  quantities  of  fluorine  may  be  easily  detected.  For 
more  difficultly  decomposable  substances,  bisulphate  of  potassa  is  used 
instead  of  sulphuric  acid,  and  the  mixture,  to  which  some  marble  is 
added  (to  ensure  a  continuous  slight  evolution  of  gas),  heated  for  some 
time  to  fusion,  in  a  hard  glass  tube  closed  at  one  end  and  furnished 
with  a  gas-leading  tube  at  the  other.  The  gas  evolved  in  the  process 
first  described  may  also  be  passed  into  a  test-tube  containing  about  0'3 
gram  aniUne  dissolved  in  15  c.c.  ether  and  15  c.c.  alcohol.  If  fluorine 
be  present,  a  white,  glittering  deposit  of  aniline  silicofluoride  will  be 
formed.  If  a  few  drops  of  a  concentrated  solution  of  soda  in  absolute 
alcohol  are  now  added  to  the  compound  suspended  in  the  liquid,  sUico- 
fluoride  of  sodium  will  be  formed  and  gradually  deposited  on  the  bottom 
of  the  tube  (W.  Knop). 

7.  Silicates  not  decomposable  by  sulphuric  acid  must  first  be  fused 
with  4  parts  of  carbonate  of  soda  and  potassa  mixture.  The  fused  mass 
is  treated  with  water,  the  solution  filtered,  the  filtrate  concentrated  by 
evaporation,  allowed  to  cool,  transferred  to  a  platinum  vessel,  hydro- 
chloric acid  added  to  feebly  acid  reaction,  and  the  liquid  allowed  to 
stand  until  the  carbonic  acid  has  escaped.  It  is  then  supersaturated 
with  ammonia,  heated,  filtered  into  a  bottle,  chloride  of  calcium  added 
to  the  still  hot  solution,  the  bottle  closed,  and  allowed  to  remain.  If 
a  precipitate  separates  after  some  time,  it  is  collected  on  a  filter,  dried, 
and  examined  by  the  method  described  in  5  (H.  Rose). 

8.  Minute  quantities  of  metallic  fluorides  in  minerals,  slags,  &c., 
may  also  be  readily  detected  by  means  of  the  blowpipe.  For  this 
purpose  a  piece  of  thin  platinum  foil  is  bent,  and  inserted  in  a  glass 
tube  as  shown  in  fig.  42,  the  finely  powdered  substance  mixed  with 

powdered  microcosmic  salt  which  has 
been  previously  fused  on  charcoal 
is  introduced,  and  the  blowpipe  flame 
Pig_  42.  is  directed  on  to  the  mass,  so  that  the 

products  of  combustion  may  pass  into 
the  tube.  A  metallic  fluoride  treated  in  this  way  yields  hydrofluoric 
acid  gas,  which  is  recognized  by  its  pungent  odour,  by  the  dimming 
of  the  glass  tube  (which  becomes  perceptible  only  after  cleaning  and  diy- 
ing),  and  the  yellow  tint  which  the  acid  air  issuing  from  the  tube 
imparts  to  a  moist  slip  of  Brazil-wood  paper  *(Berzelius,  Sniithson). 
When  siHcates  containing  metaUic  fluorides  are  treated  in  this  manner, 
gaseous  fluoride  of  silicon  is  formed,  which  also  imparts  a  yellow  colour 
to  a  moist  slip  of  Brazil-wood  paper  inserted  into  the  t^ibe,  and  causes 
silicic  acid  to  be  deposited  within  the  tube.    After  washing  and  drying 

*  Prepared  by  moisteuing  slips  of  fine  printing-paper  with  decoction  of  Brazil 
wood. 
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the  tube,  it  appears  dimmed  here  and  there.  A  small  quantity  of  a 
fluoride  present  in  a  mineral  containing  water  may  generally  be  de- 
tected by  heating  the  substance  by  itself  m  a  glass  tube  sealed  at  one 
end  and  inserting  a  slip  of  Brazil-wood  paper  in  the  tube;  the  paper 
will  usually  turn  yellow  (Berzelius). 

§  147. 

Recapitulation  and  Remarks. 

The  baryta  compounds  of  the  acids  of  the  third  division  of  the  first 
trroup  are  dissolved  by  hydrochloric  acid,  apparently  without  decom- 
position ;  alkalies,  therefore,  as  they  neutrahze  the  hydrochloric  acid, 
Jeprecipitate  them  unaltered.  The  baryta  compounds  of  the  acids  of  the 
first  division  of  this  group  also  behave  in  the  same  way ;  these  acids,  if 
present,  therefore,  must  be  removed  before  any  conclusion  regarding  the 
presence  of  phosphoric  acid,  boric  acid,  oxalic  acid,  or  hydrofluoric  acid 
can  be  drawn  from  the  reprecipitation  of  a  salt  of  baryta  by  alkalies. 
But  even  leaving  this  point  altogether  out  of  the  question,  no  great  value 
can  be  attached  to  this  reaction,  not  even  as  far  as  the  mere  detection 
of  these  acids  is  concerned,  and  still  less  as  regards  their  separation 
from  other  acids,  since  if  the  solution  contains  any  considerable  pro- 
portion of  free  acid  or  of  an  ammoniacal  salt,  ammonia  fails  to  repreci- 
pitate  from  hydrochloric  acid  solutions  the  salts  of  baryta  in  ques- 
tion, more  particularly  the  borate  of  baryta  and  fluoride  of  barium. 
Boric  acid  is  well  characterized  by  the  coloration  it  imparts  to  the 
alcohol  flame,  or  as  fluoride  of  boron  to  the  flame  of  a  bunsen,  and  also 
by  its  action  on  turmeric-paper ;  the  latter  reaction  is  more  particu- 
larly suited  for  the  detection  of  very  minute  traces.    If  oxides  of  the 
heavy  metals  are  present,  they  are  most  conveniently  removed  by  sul- 
phuretted hydrogen  or  sulphide  of  ammonium,  or  the  substance  may 
be  tested  accorcUng  to  §  144,  8  (p.  202).    Before  proceeding  to  con- 
centrate dilute  solutions  of  boric  acid,  the  acid  must  be  combined 
with  an  alkali,  otherwise  a  large  portion  of  it  will  volatilize  with  the 
aqueous  vapours.    Small  quantities  of  boric  acid  may  also  be  safely 
and  easily  detected  by  the  spectroscope.    The  detection  of  phosphoric 
acid  in  compounds  soluble  in  water  is  not  difficult;  the  reaction  with 
sulphate  of  magnesia,  &c.,  is  the  best  for  the  purpose.    The  detection 
of  phosphoric  acid  in  insoluble  compounds  cannot  be  efiected  by  means 
of  magnesia  solution.    Ferric  chloride  (§142,  9)  is  well  suited  for  the 
•detection  of  phosphoric  acid  in  its  salts  with  the  alkaline  earths,  and 
particularly  for  the  separation  of  the  acid  from  the  alkaline  earths; 
the  nitric  acid  solution  of  molybdate  of  ammonia  is  specially  adapted 
for  the  detection  of  phosphoric  acid  in  minute  quantities,  or  if  alumina 
and  ferric  oxide  are  present.    It  must  carefully  be  borne  in  mind  that 
both  these  reactions  demand  the  strictest  attention  to  the  directions 
given.    If  present  in  combination  with  oxides  of  the  fourth,  fifth,  or 
sixth  group,  phosphoric  acid  may  be  separated  by  the  method  given  in 
§  142,  11,  or  by  precipitating  the  bases  with  sulphuretted  hydrogen  or 
sulphide  of  ammonium. 

Oxalic  acid  may  always  be  easily  detected  in  aqu.eous  solutions  of 
oxalates  of  the  alkalies,  by  solution  of  sulphate  of  lime.  The  formation 
of  a  finely  divided  pulverulent  precipitate,  insoluble  in  acetic  acid, 
leaves  hardly  a  doubt  on  the  point,  as  racemic  acid  alone,  which  occurs 
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so  very  rarely,  gives  the  same  reaction.    In  case  of  doubt,  tlie  oxalate 
of  lime  m<ay  be  readily  distinguished  from  the  racemate,  by  simple 
ignition,  with  exclusion  of  air,  as  the  decomposed  racemate  leaves 
a  considerable  proportion  of  charcoal  behind ;  the  racemate  dissolves, 
moreover,  in  cold  solution  of  potassa  or  soda,  in  which  oxalate  of  lime 
is  insoluble.    The  deportment  of  the  oxalates  with  sulphuric  acid,  or 
with  binoxide  of  manganese  and  sulphuric  acid,  also  affords  a  satis- 
factory means  of  confirming  the  results  of  other  tests.    In  insoluble 
salts,  the  oxalic  acid  is  detected  most  safely  by  decomposing  them  by 
boiling  with  solution  of  carbonate  of  soda,  or  by  sulphuretted  hydrogen 
or  sulphide  of  ammonium  (§  145,  8).    The  fact  should  be  noted  also 
that  there  are  certain  soluble  oxalates  which  are  not  precipitated  by  salts 
of  lime  ;  these  are  more  particularly  oxalate  of  sesquioxide  of  chromium 
and  oxalate  of  sesquioxide  of  iron ;  this  is  owing  to  the  circumstance 
that  these  salts  form  soluble  double  salts  with  oxalate  of  lime.  Hydro- 
fluoric acid  is  readily  detected  in  salts  decomposable  by  sulphuric 
acid  ;  but  it  must  be  borne  in  mind  that  too  large  a  proportion  of  sul- 
phuric acid  impedes  the  free  evolution  of  hydrofluoric  acid  gas,  and 
thus  impairs  the  delicacy  of  the  reaction ;  also  that  the  glass  cannot  be 
distinctly  etched  if,  instead  of  hydrofluoric  acid  gas,  silicon  fluoride 
alone  is  evolved  ;  in  the  case  of  compounds  abounding  in  silica,  there- 
fore, the  safer  way  is  to  try,  besides  the  reaction  given  in  §  146,  5, 
also  the  one  given  in  6.    In  siHcates  which  are  not  decomposed  by 
sulphuric  acid,  the  presence  of  fluorine  is  often  overlooked,  because 
the  analyst  omits  to  examine  the  compound  carefully  by  the  method 
given  in  7. 

§  148. 

Phosphorous  Acid,  PO3  [P2O3]. 

Anhydrous  phosphorous  acid  is  a  white  powder,  which  can  be  sublimed, 
and  burns  when  heated  in  the  air.    With  a  small  proportion  of  water,  it 
forms  a  thickish  liquid,  which  crystalhzes  on  long  standing.   Heat  decom- 
poses it  into  hydrated  phosphoric  acid  and  phosphuretted  hydrogen  gas, 
which  is  not  spontaneously  inflammable.    It  is  poisonous,  and  dissolves 
freely  in  water.    Of  its  salts,  those  with  alkaline  base  are  readily  soluble  in 
water,  all  the  others  sparingly  soluble ;  the  latter  dissolve  in  dilute  acids. 
All  the  salts  are  decomposed  by  ignition  into  phosphates,  which  are  left  be- 
hind, and  hydrogen,  or  a  mixture  of  hydrogen  and  phosphuretted  hydrogen, 
which  escapes.    With  nitrate  of  silver,  separation  of  metalHc  silver  takes 
place,  more  especially  on  adding  ammonia  and  warming ;  with  mercu- 
rous  nitrate,  under  the  same  circumstances,  metallic  mercury  separates. 
With  mercuric  chloride  in  excess,  phosphorous  acid  throws  down  mer- 
curous  chloride  after  some  time,  more  rapidly  on  heating.    Chloride  of 
barium  and  chloride  of  calcium  produce  in  not  over-ddute  solutions  ot 
phosphorous  acid,  upon  addition  of  ammonia,  white  precipitates,  soluble  m 
acetic  acid.    A  mixture  of  sulphate  of  magnesia,  chloride  of  ammonium, 
and  ammonia  gives  no  precipitate  unless  the  solutions  are  rather  concentrated. 
Acetate  of  lead  throws  down  white  phosphite  of  lead,  insoluble  m  acetic 
acid    On  heating  to  boiling  with  sulphurous  acid  in  excess,  phosphoric 
acid  is  formed  and  sulphur  separated.     In  contact  with  zinc  and  dilute 
sulphuric  acid,  phosphorous  acid  gives  a  mixture  of  hydrogen  witli  phos- 
phuretted hydrogen;  this  smokes  in  contact  with  the  air,  burns  with  an 
emerald-green  colour,  and  precipitates  silver  and  phosphide  of  silver  irom 
solution  of  nitrate  of  silver.    Nitric  acid  prevents  the  formation  ot  piios- 
phuretted  hydrogen ;  if  this  acid  is  only  present  in  small  quantity,  some  terrous 
chloride  is  first  added,  and  then  after  some  time  the  zinc.  The  gas  containing 
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the  phosphuretted  hydrogen  may  be  allowed  to  act  on  pure  filter-paper  or 
parchment-paper  moistened  with  silver  solution  instead  of  on  the  silver 
solution  itself  (H.  Eager).  If  the  amount  of  phosphorous  acid  is  but 
small  the  silver  paper  does  not  blaclien  until  the  lapse  of  some  hours,  it 
must' be  remembered  that  both  sulphuretted  hydrogen  and  arsenmretted 
hydrogen  will  blacken  the  paper. 

Fourth  Division  of  the  First  Group  of  the  Inorganic  Acids. 

§  149. 


a. 


Carbonic  Acid,  00^  [CO,]. 


1.  Carbon  is  a  solid,  tasteless,  inodorous  body,  The  very  highest 
decrees  of  heat  alone  can  effect  its  fusion  and  volatilization  (Despretz). 
All  carbon  is  combustible,  and  yields  carbonic  acid  when  burnt  with  a 
sufficient  supply  of  oxygen  or  atmospheric  air.  In  the  diamond,  the 
carbon  is  crystallized,  transparent,  pellucid,  exceedingly  hard,  difficultly 
combustible ;  as  graphite*  it  is  opaque,  blacMsh-gray,  soft,  greasy  to  the 
touch,  difficultly  combustible,  and  stains  the  fingers ;  whilst  as  charcoal 
obtained  by  the  decomposition  of  organic  matter  it  is  black,  opaque, 
non-crystalline — sometimes  dense,  shining,  and  difficultly  combustible, 
and  sometimes  porous,  dull,  and  readily  combustible. 

2.  Carbonic  acid,  at  the  ordinary  temperature  and  atmospheric 
pressure,  is  a  colourless  gas  of  far  greater  density  than  atmospheric  air, 
so  that  it  may  be  poured  from  one  vessel  into  another.  It  is  inodorous, 
has  a  sourish  taste,  and  reddens  moist  Ktmus-paper ;  but  the  red  tint 
disappears  again  on  drying.  Carbonic  acid  is  readily  absorbed  by  solu- 
tion of  potassa  or  soda ;  it  dissolves  pretty  freely  in  water. 

3.  The  aqueous  solution  of  carbonic  acid  has  a  feebly  acid 
and  pungent  taste ;  it  imparts  a  fugitive  red  tint  to  litmus-paper,  and 
colours  solution  of  litmus  wine-red ;  it  loses  its  carbonic  acid  if  shaken 
with  air  in  a  half-fiUed  bottle,  and  more  completely  still  when  heated. 
Some  of  the  carbonates  lose  their  carbonic  acid  by  ignition;  those 
with  colourless  oxides  are  white  or  colourless.  Of  the  neutral  carbonates, 
only  those  with  alkaline  bases  are  soluble  in  water ;  their  solutions  have 
a  very  strongly  alkaline  reaction.  Besides  the  carbonates  with  alkaline 
bases,  those  also  with  an  alkaline  earth  for  base,  and  some  of  those  with 
a  metallic  base,  dissolve  in  water  as  acid  carbonates. 

4.  The  carbonates  are  decomposed  by  all  free  acids  soluble  in  water, 
with  the  exception  of  hydrocyanic  acid  and  sulphuretted  hydrogen; 
most  of  these  are  decomposed  in  the  cold,  but  several  (magnesite,  for 
instance)  require  to  be  heated.    The  decomposition  is  attended  with 
effervescence,  the  carbonic  acid  being  disengaged  as  a  colourless  and 
inodorous  gas,  which  imparts  a  fugitive  reddish  tint  to  litmus-paper. 
It  is  necessary  to  apply  the  decomposing  acid  in  excess,  especially 
when  acting  on  carbonates  with  alkaline  bases,  since  the  formation  of 
bicarbonates  will  frequently  prevent  effervescence  if  too  little  of  the 
decomposing  acid  be  added.    Substances  which  it  is  intended  to  test  for 
carbonic  acid  should  first  be  heated  with  a  little  water,  to  prevent  any 
mistake  which  might  arise  from  the  escape  of  air-bubbles  on  treating 
the  dry  substances  with  the  acid.    "Where  there  is  reason  to  apprehend 
the  escape  of  carbonic  acid  on  boiling  the  substance  with  water,  lime 
Avater  should  be  used  instead  of  pure  water.    If  it  is  thought  desirable  to 
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prove  that  the  escaping  gas  is  really  carbonic  acid,  it  should  be  passed 
into  lime  water  or  baryta  water,  or  a  glass  rod  may  be  dipped  in  the 
latter  and  held  inside  tlie  test-tube  near  the  surface  of  the  liquid ;  a 
Avhite  film  will  form  on  the  lime  or  baryta  water,  as  is  explained  in  5. 

5.  Lime  water  or  baryta  water,  brought  into  contact  with  car- 
bonic acid  or  with  soluble  carbonates,  produces  a  white  precipitate  of 
Beutral  carbonate  of  lime,  CaO,00,  [CaCOJ,  or  carbonate  of 
baryta,  BaO,CO„  [BaCO,].  In  testing  for  free  carbonic  acid,  the  re- 
ao-onts  ought  always  to  be  added  in  excess,  as  the  acid  carbonates  of  the 
afkaline  earths  are  soluble  in  water.  The  precipitates  dissolve  m  acids 
with  efiervescence,  and  are  not  reprecipitated  from  such  solutions^  by 
ammonia,  after  the  complete  expulsion  of  the  carbonic  acid  by  ebulhtion. 
As  lime  water  dissolves  very  minute  quantities  of  carbonate  of  linie.the 
detection  of  exceedingly  minute  traces  of  carbonic  acid  requires  the  use 
of  a  lime  water  saturated  with  carbonate  of  lime  by  long  digestion 
therewith  (Welter,  Berthollet).  .      ,  ^.  p 

6  Chloride  of  calcium  or  chloride  of.  barium,  m  solutions  ot 
neutral  alkaline  carbonates,  immediately  produces  a  precipitate  of  car- 
bonate  of  lime  or  of  carbonate  of  baryta;  in  dilute  solutions 
of  bicarbonates,  these  precipitates  are  formed  only  on  boihng  ;  with  free 
carbonic  acid,  these  reagents  give  no  precipitate.         „  .  .     ,  , 

7  To  detect  free  carbonic  acid  in  presence  ot  bicarbonates,  a 
solution  of  1  part  of  rosolic  acid  in  500  parts  of  80  per  cent,  alcohol  may 
be  employed,  to  which  baryta  water  has  been  added  until_  it  begins  to 
acquire  a  red  tinge.  If  0-5  c.c.  of  this  rosolic  acid  solution  is  added 
to  about  50  c.c.  of  the  water  to  be  tested,  a  spring  water  for  instance, 
the  liquid  wiU  be  colourless  or  at  most  faintly  yehowish  if  it  contains 
free  carbonic  acid,  whereas  if  there  is  no  free  carbonic  acid,  but  only 
double  salts,  it  will  be  red  (M.  v.  Pettenkofer).        ,  .     ,      .  • 

8  Salzer*  gives  a  test  for  free  carbonic  acid  or  bicarbonates  in 
presence  of  carbonates,  founded  on  the  fact  that  the  Nessler  ammonia 
reaction  (§  92,  &,  p.  90)  does  not  take  place  m  presence  of  free  carbomc 
acid  or  carbonates. 

§  150. 

I.  Silicic  Acid,  SiO,  [SiOj 
1  Silicic  acid  is  coloiirless  or  white,  and  unalterable  and  infusible 
even' in  the  hottest  blowpipe  flame,  but  it  melts  m  the  flame  of  the 
nivhvdro-en  blowpipe.  It  occurs  both  crystalhne  and  amorphous.  It 
^  Sble  Tn  watered  acids  (with  the  exception  of  hydrofluoric  acid 
Xh  di  solves  the  amorphous  variety  easily,  the  crystalhne  variety 
with  more  difficulty)  ;  its  hydrate  is  soluble  in  water  and  acids,  but  on  y 
Tt  the  momeS  of  its  eparation.  Amorphous  silicic  acid  and  the  hydrate 
^ssolvrrhot  aqueous  solute  of  potassa  and  soda  and  heir  carbon- 
a  e^  but  the  c^^^^^  acid  is  insoluble  or  nearly  so  in  these  liquids. 
If  either  of  the  two  is  fused  with  a  caustic  alkali  or  alkaline  carbonate 
a  bast  sUicate  of  the  alkali  is  obtained,  which  is  soluble  m  water 
IqueTus  ammonia  dissolves  gelatinous  hydrated  silicic  acid  tolerably 
frilv  the  dried  hydrate  or  amorphous  silicic  acid  less  readily  and  the 
cr/stalW^^^^^^  scLcely  at  aU.  The  silicates  with  alkahne  bases  aie 
alone  soluble  in  water. 

*  Zeit.  anal.  Chem.,  20,  227. 
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2.  The  solutions  of  the  alkaline  silicates  are  decomposed  by  all 
acids.  If  a  large  proportion  of  hydrochloric  acid  is  added  at  once  to 
even  concentrated  solutions  of  alkaline  silicates,  the  separated  silicic 
acid  remains  in  solution  ;  but  if  the  hydrochloric  acid  is  added  gradually 
drop  by  drop,  with  stirring,  the  greater  part  of  the  silicic  acid  separates 
as  gelatinous  hydrate.  The  more  dilute  the  solution,  the  more  silicic 
acid  remains  dissolved,  and  in  very  dilute  solutions  no  precipitate  is 
formed.  If  the  solution  of  an  alkaline  silicate,  mixed  with  hydrochloric 
or  nitric  acid  in  excess,  is  evaporated  to  dryness,  silicic  acid  separates 
in  proportion  as  the  acid  escapes ;  and  on  treating  the  residue  with 
hydrochloric  acid  and  water,  the  silicic  acid  remains  in  the  free  state 
/or,  if  the  temperature  was  restricted  to  100°,  as  hydrate),  as  an  in- 
soluble white  powder.  In  solutions  of  alkaline  silicates  not  too  dilute, 
chloride  of  ammonium  produces  a  precipitate  of  hydrate  of  silicic  acid 
{containing  alkali)  :  heating  promotes  the  separation. 

3.  Some  of  the  silicates  insoluble  in  water  are  decomposed  by  hydro- 
<;hloric  acid  or  nitric  acid,  others  are  not  afi'ected  by  these  acids,  even  on 
boiling.    In  the  decomposition  of  the  former,  the  greater  portion  of  the 
silicic  acid  separates  usually  as  gelatinous,  more  rarely  as  pulverulent 
hydrate.  To  effect  the  complete  separation  of  the  silicic  acid,  the  hydro- 
chloric acid  solution,  with  the  precipitated  hydrate  of  silicic  acid  sus- 
pended in  it,  is  evaporated  to  dryness,  the  residue  heated  with  stirring, 
at  a  temperature-  somewhat  above  the  boiling  point  of  water  until  no 
more  acid  fumes  escape,  then  moistened  with  hydrochloric  acid,  heated 
with  water,  and  the  solution  containing  the  bases  filtered  from  the 
residuary  insoluble  silicic  acid.     Of  the  silicates  not  decomposed  by 
hydrochloric  acid,  many,  such  as  kaolin,  are  completely  decomposed  by 
beating  with  a  mixture  of  8  parts  of  hydrated  sulphuric  acid  and  3  parts 
of  water,  the  silicic  acid  being  separated  in  the  pulverulent  form  ;  many 
others  are  acted  on  to  some  extent  by  this  reagent.   Silicates  not  decom- 
posable by  boiling  with  hydrochloric  or  sulphuric  acid  in  the  open  air, 
at  the  ordinary  atmospheric  pressure,  may  generally  be  completely 
decomposed  by  heating  them  in  a  state  of  fine  powder  with  the  acids  in 
sealed  glass  tubes  at  200°-210°  in  an  air  or  paraffin  bath. 

4.  If  a  silicate,  reduced  to  a  fine  powder,  is  fused  with  4  parts  of 
•carbonate  of  potassa  and.  soda  mixture  until  the  evolution  of  carbonic 
acid  ceases,  and  the  fused  mass  is  then  boiled  with  water,  the  greater 
part  of  the  silicic  acid  dissolves  as  alkaline  siKcate,  whilst  the  alkaline 
earths,  the  earths  proper  (with  the  exception  of  alumina  and  beryllia, 
which  pass  more  or  less  completely  into  the  solution),  and  the  heavy 
metallic  oxides  are  left  undissolved.  If  the  fused  mass  is  treated  with 
water,  hydrochloric  or  nitric  acid  added  to  the  mixture  without  previous 
filtration,  to  strongly  acid  reaction,  and  the  solution  treated  as  directed 
in  3,  the  silicic  acid  is  left  undissolved  whilst  the  bases  are  dissolved. 
If  the  powdered  silicate  is  fused  with  4  parts  of  hydrate  of  baryta,  the 
fused  mass  digested  with  water,  with  addition  of  hydrochloric  or  nitric 
acid,  and  the  acid  solution  treated  as  directed  in  3,  the  silicic  acid 
separates,  and  the  bases,  especially  the  alkalies,  are  found  in  the  filtrate. 

5.  If  hydrofluoric  acid,  in  concentrated  aqueous  solution  or  in 
the  gaseous  state,  is  allowed  to  act  on  silicic  acid,  fluoride  of  silicon 
escapes,  SiO,-f-2HF  =  SiF,  +  2HO  [SiO,+4HF  =  SiF,  +  2H,0] ;  the  dilute 
acid  dissolves  silica  to  hydrofluosilicic  acid,  SiO^  +  3HF  =  HF,SiFj  +  2H0 
[Si02  +  6HF  =  H2SiF5  +  2H..O].  Hydrofluoric  acid  acting  on  silicates  gives 
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rise  to  tlie  formation  of  silicofluorides,  CaO,SiO,  +  3HF  =  CaF,SiP,  +  3H0 
[CaSiO„  +  6HF  =  CaSiF„  +  3H,0],  which  when  heated  with  hydrated  sul- 
phuric acid  are  changed  to  sulphates,  with  evolution  of  hydrofluoric  acid 
and  fluoride  of  silicon.  If  the  powdered  silicate  is  mixed  with  3  parts 
of  flvioride  of  ammonium,  or  5  parts  of  fluoride  of  calcium  in  powder, 
the  mixture  made  into  a  paste  with  hydrated  sulphuric  acid,  and  heat 
applied  (best  in  the  open  air)  until  no  more  fumes  escape,  the  whole  of 
the  silicic  acid  present  volatilizes  as  fluoride  of  silicon.  The  bases 
present  are  found  in  the  residue  as  sulphates,  mixed,  if  fluoride  of  cal- 
cium was  used,  with  sulphate  of  lime. 

6.  On  mixing  1  part  of  silica  or  a  silicate  in  fine  powder  with  2  parts 
of  powdered  cryolite  or  fluor  spar  (free  from  silica)  and  4  or  5  pai-ts  of 
concentrated  sulphuric  acid,  heating  the  mixture  moderately  in  a  plar 
tinum  crucible,  but  not  allowing  it  to  spvirt,  and  then  holding  close  over 
the  surface  the  loop  of  a  stout  platinum  wire  which  has  been  freshly 
ignited,  and  now  contains  a  drop  of  water,  a  pellicle  of  hydrated  silicic 
acid  will  soon  form  on  the  latter  from  decomposition  of  the  escaping 
fluoride  of  silicon  (Barfoed). 

7.  If  siHcic  acid  or  a  silicate  is  fused  with  carbonate  of  soda  in 
the  loop  of  a  platinum  wire,  frothing  is  observed  in  the  bead  owing 
to  the  evolution  of  carbonic  acid.  The  bead  obtained  with  pure  silicic 
acid  is  always  clear  when  hot ;  with  silicates  when  they  are  rich  in  sihcic 
acid  (as  the  felspathic  rocks)  the  bead  is  also  clear,  but  if  they  are  not  it 
is  opaque.  The  clearness  of  the  cold  bead  depends  on  the  proportion 
between  silicic  acid,  soda,  and  other  bases. 

8.  Microcosmic  salt,  in  a  state  of  fusion,  dissolves  but  very  little 
silicic  acid.  If,  therefore,  silicic  acid  or  a  siHcate  is  fused,  in  small  frag- 
ments, with  microcosmic  salt  on  a  platinum  wire,  the  bases  are  dis- 
solved, whilst  the  silicic  acid  separates  and  floats  about  in  the  clear 
bead  as  a  more  or  less  translucent  mass,  exhibiting  the  shape  of  the 
fragment  of  substance  used. 

§151. 

Recapitulation  and  Remarks. 

Free  carbonic  acid  is  readily  known  by  its  reaction  with  lime  water 
or  baryta  water  ;  the  carbonates  are  easily  detected  by  the  evolution  of 
an  inodorous  gas,  when  they  are  treated  with  acids.  Many  carbonates— 
magnesite,  for  example— are  not  decomposed  until  they  are  heated  with 
the  acid.  If  the  compounds  evolve  other  gases  besides  carbonic  acid, 
the  gas  must  be  tested  with  lime  water  or  baryta  water.  SiUcic  acid, 
both  in  the  free  state  and  in  silicates,  may  generally  be  readily  detected 
by  the  reaction  with  microcosmic  salt.  It  difi"ers  moreover  from  all 
other  compounds  in  the  form  in  which  it  is  always  obtained  in  analyses, 
by  its  insolubility  in  acids  (except  hydrofluoric  acid),  and  m  fusing 
bisulphate  of  potassa,  and  by  being  enth-ely  soluble  in  boiling  solutions 
of  alkahes  and  alkaHne  carbonates ;  also  from  many  compounds  (espe- 
cially titanic  acid)  by  completely  volatilizing  when  repeatedly  evaporated 
in  a  platinum  dish,  with  hydrofluoric  acid  (or  fluoride  of  ammonium), 
and  sulphuric  acid.  % 
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Second  Group  of  Inorganic  Acids. 

Acids  which  are  precipitated  by  Nitrate  of  Silver,  but  not  by 
Chloride  of  Barium:    Hydrochloric  Acid,  Hydrobromic 
Acid,  Hydriodic  Acid,  Hydrocyanic  Acid,  Hydroferro- 
•   cyanic  Acid   and  Hy  drof  erricyanic  Acid,  Sulphuretted 
Hydrogen  {Nitrous  Acid,  Hypocldorous  Acid,  Chlorous  Acid,  Hypo- 
phosphoroits  Acid). 
The  silver  compounds  corresponding  with  the  hydrogen  acids  are 
insoluble  in  dilute  nitric  acid.    These  acids  react  with  metallic  oxides, 
the  metals  combining  with  the  chlorine,  bromine,  iodine,  cyanogen,  or 
sulphur,  whilst  the  oxygen  of  the  metallic  oxide  forms  water  with  the 
hydrogen  of  the  acid. 

§  152. 

a.  Hydrochloric  Acid,  HCl  [HCl]. 

1.  Chlorine  is  a  heavy  yellowish-green  gas  of  disagreeable  and 
sviffocating  odour,  and  has  a  most  injurious  action  on  the  respiratory 
organs ;  it  destroys  vegetable  colours  (litmus,  indigo-blue,  &c,) ;  it  is 
not  inflammable,  and  supports  the  combustion  of  a  few  substances  only. 
Mimitely  divided  antimony,  tin,  &c.,  spontaneously  ignite  in  it,  and 
are  converted  into  chlorides.  It  dissolves  pretty  freely  in  water,  form- 
ing chlorine  water  which  has  a  pale  yellowish-green  colour,  smells 
strongly  of  the  gas,  bleaches  vegetable  colours,  is  decomposed  by  the 
action  of  light  (§  29),  and  loses  its  odour  when  shaken  with  mercury,  the 
latter  being  converted  into  a  mixture  of  subchloride  and  metal.  Small 
qviantities  of  free  chlorine  may  be  readily  detected  in  a  liquid  by  the 
red  colour  imparted  to  a  mixture  of  sulphocyanate  of  potassium  and 
protosalt  of  iron,  or — in  the  absence  of  nitrous  acid — by  the  blue  colour 
imparted  to  a  mixture  of  starch  paste  and  iodide  of  potassium  (see 
^154,9). 

2.  Hydrochloric  acid,  at  the  ordinary  temperature  and  pressure, 
is  a  colourless  gas,  which  forms  dense  fumes  in  the  air,  is  suifocating 
and  very  irritant,  and  is  exceedingly  soluble  in  water.  The  concentrated 
solution  (fuming  hydrochloric  acid)  loses  a  large  portion  of  its  gas  when 
heated. 

3.  The  neutral  metallic  chlorides  are  readily  soluble  in  water, 
with  the  exception  of  chloride  of  lead,  chloride  of  silver,  and  mercurous 
chloride  ;  most  of  the  chlorides  are  white  or  colourless.  Many  of  them 
volatilize  at  a  high  temperature  without  decomposition;  others  are  decom- 
posed on  ignition,  and  many  of  them  are  fixed  at  a  moderate  red  heat. 

4.  Nitrate  of  silver,  even  in  highly  dilute  solutions  containing  free 
hydrochloric  acid  or  metallic  chlorides,  produ^ces  a  white  precipitate  of 
chloride  of  silver,  AgCl  [AgCl] ;  this  when  exposed  to  light  changes 
first  to  violet,  then  to  black;  it  is  insoluble  in  dilute  nitric  acid,  but 
dissolves  readily  in  ammonia  as  well  as  in  cyanide  of  potassium,  or  in  a 
boiling  solution  of  sesquicarbonate  of  ammonia*  (H.  Hager).  It 
melts  without  decomposition  when  heated.    (Compare  §  115,  7.)  The 

»  To  prepare  tLis,  1  part  of  transparent  cominercial  carbonate  of  ammouia  is 
dissolved  in  9  parts  of  water  at  the  ordinary  temperatiire,  and  to  each  10  c.c.  of 
the  solution  5  drops  of  arj^ueous  ammonia,  sp.  gr.  0'96,  are  added. 
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[§  153, 


chlorine  in  solution  of  green  chloride  of  chromium  is  incompletely  pre- 
cipitated by  nitrate  of  silver  (Peligot),  whilst  from  a  solution  of  oxy- 
chloride  of  molybdenum  in  sulphuric  acid  it  is  not  precipitated  at  all 
(  B 1  o  m  s  t  r  a  n  d ).  In  a  solution  of  chloride  of  gold,  nitrate  of  silver  yields 
an  ochreous-yellow  precipitate  containing  gold,  silver,  and  chlorine. 

5.  Mercvirous  nitrate  and  acetate  of  lead  produce  precipi- 
tates of  mercurous  chloride,  HgjCl  [HgjCIJ,  and  chloride  of 
lead,  PbCl  [PbCIJ^  in  solutions  containing  free  hydrochloric  acid  or 
metallic  chlorides.  For  the  properties  of  these  precipitates,  see 
§  116,  6,  and  §  117,  7.  In  a  solution  of  chloride  of  gold,  acetate  of  lead 
gives  a  precipitate  of  double  chloride  of  lead  and  gold, 

6.  If  hydrochloric  acid  is  heated  with  binoxide  of  manganese  or 
peroxide  of  lead,  or  a  chloride  with  binoxide  of  manganese  or  per- 
oxide of  lead  and  sulphuric  acid,  chlorine  is  evolved,  which  may  be 
readily  recognized  by  its  odour,  its  yellowish-green  colour,  and  its  bleach- 
ing action  on  vegetable  colours.  The  best  way  of  testing  the  latter  is 
to  expose  to  the  gas  a  moist  slip  of  litmus-paper,  or  of  paper  coloured 
with  indigo  solution.  No  chlorine  is  evolved  when  metallic  chlorides  are 
heated  with  acetic  acid  and  binoxide  of  manganese  or  peroxide  of  lead. 

7.  If  a  metalHc  chloride  is  triturated  with  chromate  of  potassa, 
the  dry  mixture  treated  with  concentrated  sulphvirie  acid  in  a 
tubulated  retort,  and  a  gentle  heat  applied,  a  deep  brownisli-red  gas  is 
copiously  evolved,  oxychloride  of  chromium  or  chlorochromic 
acid,  CrOjCl  [CrO^CI,];  this  condenses  to  a  liquid  of  the  same  colour, 
and  passes  into  the  receiver.  If  this  distillate  is  mixed  with  ammonia 
in  excess,  a  yellow-coloured  solution  is  obtained  from  the  formation  of 
chromate  of  ammonia, 

CrO,Cl  +  2NHp,H0  =  NH^Cl  +  NH^0,Cr03 
[CrO.CI,,  +  4NHPH  =  2  N  H,CI  +  ( N  H  J.CrO,  +  2H,0]. 
On  adding  an  acid,  the  colour  of  the  solution  changes  to  a  reddish- 
yellow,  owing  to  the  formation  of  acid  chromate  of  ammonia. 

8.  The  chlorine  in  the  metallic  chlorides  insoluble  in  water  and 
nitric  acid  may  be  detected  by  fusing  them  with  carbonate  of  soda  and 
potassa,  and  treating  the  fused  mass  with  water,  which  will  dissolve, 
besides  the  excess  of  the  alkaline  carbonate,  the  chloride  of  the  alkali 
metal  formed  in  the  process. 

9.  If  oxide  of  copper  is  dissolved  in  the  outer  blowpipe  flame  in  a, 
bead  of  microcosmic  salt  on  a  platinum  wire  in  quantity  sui3icient 
to  make  the  mass  nearly  opaque,  a  trace  of  a  substance  containing 
chlorine  added  to  it  while  still  in  fusion,  and  the  bead  then  exposed  to 
the  reducing  flame,  a  flame  of  a  fine  blue  colour,  inclining  to  purple^ 
will  be  seen  encircling  it  so  long  as  chlorine  is  present  (Berzelius). 

§  153. 

&.  Hydrobromic  Acid,  HBr  [HBr]. 

1.  Bromine  is  a  heavy  reddish-brown  fluid  of  a  very  disagreeable 
chlorine-like  odour,  which  soHdifies  at  a  low  temperature  to  a  crystalline 
mass;  this  melts  at  -7-05°*  and  boils  at  58-75°*  under  a  pressure  of 
760  mm. ;  it  volatilizes  rapidly  even  at  the  ordinary  temperature.  The 
vapour  is  brownish-red.  Bromine  bleaches  vegetable  colours  like  chlorine  j 
it  is  tolerably  soluble  in  water,  but  dissolves  more  readily  in  alcohol,  and 

»  Ramsay  and  Young,  Jour.  Chem.  Soc,  Trans.,  1886,  453. 
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.e^a,Se^roSrin  teifg^^e^l  a.e  closely  analogous 

*°t  Nraretf"luTl°"^^^^^^^^^  to  «q«eou»  solutions  of  hydrobromic 

S^paxi^glys^^^^^       ammonia,  but  dissolves  with  fachty  m  cyamde 

'^^fNtSie  of  protoxide    of  paUadium,  but  not  palladious 
chlotldf  rices  arLish-br^^^  ^--^^^^^ 
PdBr  [PdBr.,],  in  neutral  solutions  of  metallic  bromides.     -Li^  con 
cenTrated  solutions,  tbis  precipitate  is  formed  -mediately;   n  dilute 
solutions,  it  makes  its  appearance  only  after  the  lapse  of  some  tme 

5  Nitric  acid  decomposes  hydrobromic  acid  and  the  bromides,  ^th 
.he  exception  of  bromide  of  silver  and  bromide  of  mercury,  when  the 
mXrels  heated  and  liberates  the  bromine,  the  hydrogen  or  the  metal 
beS^  ox^^ized^^  the  case  of  a  solution,  the  liberated  bromine  colours 
Tt  yellow  or  yellowish-red;  whilst  with  bromides  in  the  solid  state  or  m 
CO— ted' solution,  the  brownish-red  (if  ^ilut-l,  — ^^^^ 
vapour  of  bromine  escapes  at  the  same  time,  and,  if  evolved  n  su^cient 
Quantity,  condenses  in  the  cold  part  of  the  test-tube  to  small  d^^^^^^^^^  In 
the  cold  nitric  acid,  even  the  red  fuming  ^^^^  fails  to  iberate  the 
bromine  in  very  dilute  solutions  of  bromides,  neither  is  it  liberated  by 
solution  of  nitrous  acid  in  hydrated  sulphuric  acid,  nor  by  hydio- 
chloric  acid  and  nitrite  of  potassa.  .  -i- 

6  Chlorine,  in  the  gaseous  state  or  in  solution,  immediately 
hberates  bromine  from  the  solutions  of  its  compounds ;  the  hqmd 
assuming  a  yellowish-red  tint  if  the  quantity  of  the  bromine  p-esent  3 
not  too  minute.    A  large  excess  of  chlorine  must  be  avoided,  as  this 
would  cause  formation  of  chloride  of  bromine,  and  the  colour  will  be 
destroyed  completely  or  nearly  so.    This  reaction  is  made  much  more 
delicate  if  at  the  same  time  a  liquid  is  added  which  dissolves  bromine  and 
does  not  mix  with  water,  such  as  bisulphide  of  carbon  or  cMoroform. 
The  neutral  or  feebly  acid  solution  is  mixed  in  a  test-tube  with  a  little 
of  one  of  these  liquids,  sufficient  to  form  a  large  drop  at  the  bottom; 
dilute  chlorine  water  is  then  added  drop  by  drop,  and  the  tube  si^a^en- 
With  appreciable  quantities  of  bromine,  for  example,  1  part  m  iuuu 
parts  of  water,  the  drop  at  the  bottom  acquires  a  ^^eddish-yellow  tint ; 
with  very  minute  quantities  (1  part  of  bromine  m  30  UUO  parts  ot 
water),  a  pale-yellow  tint,  which,  however,  is  still  distinctly  discermble. 
Ether  is  by  no  means  so  well  suited  for  this  reaction.    A  large  excess 
of  chlorine  water  must  be  avoided,  and  it  must  always  be  ascertained 
first  whether  the  chlorine  water,  mixed  with  a  large  quantity  ot  water 
and  some  bisulphide  of  carbon  or  chloroform,  and  shaken,  will  leave 
these  reagents  quite  uncoloured.    If  this  is  not  the  case  the  chlorine 
water  must  not  be  used  for  the  purpose.    If  the  solution  of  bromine  in 
bisulphide  of  carbon  or  chloroform  (or  ether)  is  mixed  with  some  solution 
of  potassa,  the  mixture  shaken,  and  heat  applied,  the  yeUow  colour 
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disappears,  and  the  solution  now  contains  bromide  of  potassium  and 
broinate  of  potassa.  By  evaporation  and  ignition,  the  bromate  of  potassa 
is  converted  into  bromide  of  potassium,  and  the  ignited  mass  may  then 
be  further  tested  as  directed  in  7. 

7.  If  bromides  are  heated  with  binoxide  of  manganese  or  per- 
oxide of  lead  and  sulphuric  acid,  concentrated  or  dilute,  brownish- 
red  vapours  of  bromine  are  given  ofF.  The  presence  of  chlorides  in 
large  proportion  is  not  favourable  to  the  reaction ;  dilute  solutions  must 
then  be  used,  so  that  chloride  of  bromine  is  not  formed.  Bromides  give 
off  bromine  when  heated  with  peroxide  of  lead  and  acetic  acid,  but  not 
with  binoxide  of  manganese  and  acetic  acid  (Vortmann).  If  the 
bromine  be  present  in  very  minute  quantity  only,  the  colour  of  these 
vapours  will  not  be  visible ;  but  if  the  mixture  is  heated  in  a  smaU 
retort,  and  the  evolved  vapours  are  passed  through  a  long  glass  con- 
denser, the  colour  of  the  bromine  vapours  may  generally  be  seen  by 
looking  lengthways  through  the  tube,  and  the  first  drops  of  the  distillate 
are  also  coloured  yellow.  The  first  vapours  and  the  first  drops  of  the 
distillate  should  be  received  in  a  test-tube  containing  some  starch 
moistened  with  water ;  as, 

8.  If  moistened  starch  is  brought  into  contact  with  free  bromine, 
more  especially  in  the  form  of  vapour,  yellow  bromide  of  starch 
is  formed.  The  coloration  is  not  always  instantaneous.  The  reaction  is 
rendered  most  delicate  by  sealiiig  the  test-tube  which  contains  the 
moistened  starch  and  the  first  drops  of  the  distillate  from  7,  and 
cautiously  inverting  it,  so  as  to  cause  the  moist  starch  to  occupy  the 
upper  part  of  the  tube  whilst  the  liquid  occupies  the  bottom.  The 
presence  of  even  the  slightest  trace  of  bromine  will  then,  in  the  course 
of  from  twelve  to  twenty-four  hours,  impart  a  yellow  tint  to  the  starch, 
•which,  however,  disappears  again  after  some  time.  The  test  may  be 
made  in  a  simple  manner,  almost  with  the  same  degree  of  delicacy,  by 
gently  heating  the  liquid  containing  free  bromine,  or  also  the  original 
mixture  of  bromide,  binoxide  of  manganese,  and  sulj)huric  acid,  in  a 
very  small  beaker,  covered  with  a  watch-glass  to  the  lower  side  of  which 
ia  slip  of  paper  moistened  with  starch  paste  and  sprinkled  with  starch 
powder  has  been  attached. 

9.  If  sulphuric  acid  is  poured  over  a  mixture  of  a  bromide  with  di- 
chromate  of  potassa,  and  heat  apphed,  a  brownish-red  gas  is  evolved, 
exactly  as  in  the  case  of  chlorides ;  this  gas,  however,  consists  of  pure 
bromine,  and  therefore  the  liquid  which  passes  over  does  not  tm-n 
yellow,  but  becomes  colourless  when  supersaturated  with  ammonia. 
Bromine  can  also  be  liberated  from  solutions  of  bromides,  &c,,  by  heating 
them  with  dichromate  of  potassa  and  sulphuric  acid. 

10.  If  a  solution  of  hydrobromic  acid  or  a  bromide  is  mixed  with  a 
little  chloride  of  gold,  a  straw  colour  or  dark  orange  colour  is  produced 
owing  to  the  formation  of  bromide  of  gold.  If  iodine  is  present,  it 
must  be  removed  before  the  solution  of  gold  is  added  (Bill). 

11.  In  the  metallic  bromides  which  are  insoluble  in  water  and  rutric 
acid,  the  bromine  is  detected  in  the  same  way  as  the  chlorine  in  the 
corresponding  chlorides. 

12.  If  a  substance  containing  bromine  is  added  to  a  bead  of 
mierocosmic  salt  saturated  with  oxide  of  copper,  and  the  bead  is 
then  ignited  in  the  inner  blowpipe  flame,  the  flame  is  coloured  blue, 
inclining  to  green,  more  particularly  at  the  edges  (Berzelius). 
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§  154. 

Hydriodic  Acid,  HI  [Hi]. 


1 .  1 0  d  i  n  e  is  a  solid,  soft  substance  of  a  peculiar  odour.  It  generally 
occurs  in  the  form  of  almost  black,  shining,  crystalline  scales.  It  melts 
at  114-15°*  and  boils  at  184-35°*  under  a  pressure  of  760  mm.,  being 
<jonverted  into  vapour  of  a  beautiful  violet-blue  colour,  which  on  cooling 
condenses  to  a  black  sublimate.  It  is  very  sparingly  soluble  m  water, 
yielding  a  pale  brown  solution,  but  readily  in  alcohol  or  ether,  or  m  an 
aqueous  solution  of  iodide  of  potassium.  The  solutions  in  alcohol,  ether, 
and  iodide  of  potassium  solution  are  deep  red-brown ;  in  bisulphide  of 
carbon  and  chloroform,  reddish- violet.  Iodine  destroys  vegetable  colours 
only  slowly  and  imperfectly ;  it  stains  the  skin  brown  ;  with  starch,  it 
forms  an  intensely  dark-blue  compound  :  this  is  invariably  produced  when 
iodine  vapour  or  a  solution  containing  free  iodine  comes  in  contact  with 
starch,  best  with  starch  paste.  It  is  decomposed  by  alkalies,  by  chlorine 
and  bromine,  and  also  by  sulphurous  acid  and  reducing  agents  generally. 

2.  Hydriodic  acid  is  a  gas  resembling  hydrochloric  and  hydro- 
bromic  acid ;  it  dissolves  copiously  in  water.  The  colourless  hydrated 
hydriodic  acid  speedily  becomes  reddish-brown  in  contact  with  the 
air ;  water  and  free  iodine  are  formed,  and  the  latter  dissolves  in  the 
hydriodic  acid. 

3.  The  iodides  correspond  also  in  many  respects  with  the  chlorides. 
Of  the  iodides  of  the  heavy  metals,  however,  many  more  are  insoluble 
in  water  than  is  the  case  with  the  corresponding  chlorides.  Many 
iodides  have  characteristic  colours,  such  as  iodide  of  lead  and  subiodide 
and  iodide  of  mercury. 

4.  Nitrate  of  silver  in  aqueous  solutions  of  hydriodic  acid  or  of 
iodides  produces  a  yellowish- white  precipitate  of  iodide  of  silver,  Agl 
[Agl],  vfhich  blackens  on  exposure  to  light;  this  precipitate  is  insoluble 
in  dilute  nitric  acid,  very  sparingly  soluble  in  aqueous  ammonia  of  5 
per  cent.,  insoluble  in  a  boiling  solution  of  sesquicarbonate  of  ammonia 
(H.  Hager),  but  dissolves  readily  in  cyanide  of  potassium. 

5.  Protochloride  of  palladium  and  nitrate  of  protoxide  of  pal- 
ladium produce,  even  in  very  dilute  solutions  of  hydriodic  acid  or 
metallic  iodides,  a  brownish-black  precipitate  of  palladious  iodide, 
Pdl  [Pdl.J,  which  dissolves  to  a  trifling  extent  in  saline  solutions  (chloride 
of  sodium,  chloride  of  magnesium,  &c.),  but  is  insoluble  or  nearly  so  in 
dilute  cold  hydrochloric  and  nitric  acids. 

6.  A  solution  of  1  part  of  sulphate  of  copper  and  2  J  parts  of 
ferrous  sulphate  throws  down  cuprous  iodide,  Cu.J.  [Cujlj],  from 
neutral  aqueous  solutions  of  the  iodides  as  a  dirty  white  precipitate.  The 
addition  of  a  little  ammonia  promotes  the  complete  precipitation  of  the 
iodine.  Chlorides  and  bromides  are  not  precipitated  by  this  reagent. 
Instead  of  the  mixture  of  sulphates,  sulphate  of  copper  can  be  used, 
mixed  with  a  sufficient  excess  of  sulphurous  acid  or  bisulphite  of  soda. 

7.  Pure  nitric  acid,  free  from  nitrous  acid,  decomposes  hydriodic 
acid  or  iodides  only  when  acting  on  them  in  its  concentrated  form,  espe- 
cially on  the  application  of  heat.  But  nitrous  acid  and  hyponitric 
acid  decompose  hydriodic  acid  and  iodides  with  the  greatest  facility 
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even  in  the  most  dilute  solutions.  Colourless  solutions  of  iodides  there- 
fore acquire  immediately  a  brownish-red  colour  on  addition  of  some  red 
fuming  nitric  acid,  or  of  a  mixture  of  this  with  concentrated  sulphuric 
acid,  or  better  still,  on  adding  a  solution  uf  nitrous  acid  in  hydrated 
sulphuric  acid,  or  of  nitrite  of  potassa  and  some  sulphuric  or  hydrochloric 
acid.  From  somewhat  concentrated  solutions,  the  iodine  separates  in 
the  form  of  black  scales,  whilst  nitric  oxide  and  iodine  vapour  escape. 

8.  As  the  blue  coloration  of  iodide  of  starch  remains  visible  in 
much  more  highly  dilute  solutions  than  the  yellow  colour  of  solution 
of  iodine  in  water,  the  delicacy  of  the  reaction  described  in  7  is 
considerably  increased  by  first  mixing  the  liquid  to  be  tested  for  iodine 
with  some  thin,  tolerably  clear  starch  paste,  then  adding  a  few  drop& 
of  dilute  sulphuric  acid,  to  make  the  fluid  strongly  acid,  and  finally 
one  of  the  reagents  mentioned  in  7.    A  single  drop  of  the  solution  of 
nitrous  acid  in  sulphuric  acid  on  a  glass  rod  is  sufiicient  to  produce  the 
reaction  most  distinctly.    The  author  therefore  strongly  recommends 
this  reagent,  which  was  first  proposed  by  Otto.    Red  fuming  nitric 
acid  must  be  added  in  somewhat  larger  quantity,  in  order  that  the  re- 
action may  take  place  satisfactorily  ;  this  reagent,  therefore,  is  not  well 
adapted  to  detect  very  minute  quantities  of  iodine.    The  reaction  with 
nitrite  of  potassa  also  is  extremely  delicate.    The  solution  to  be  tested  is 
mixed  with  dilute  sulphuric  acid  or  with  hydrochloric  acid  to  distinctly 
acid  reaction,  and  a  drop  or  two  of  a  concentrated  solution  of  nitrite  of 
potassa  is  then  added  ;  in  cases  where  the  quantity  of  iodine  present 
very  minute,  the  fluid  turns  reddish,  instead  of  blue.    An  excess  of  the 
reagent  containing  nitrous  acid  does  not  materially  impair  the  dehcacy 
of  the  reaction.    As  iodide  of  starch  dissolves  in  hot  water  forming  a 
colourless  liquid,  the  solutions  must  be  cold ;  the  colder  they  are,  the- 
more  deHcate  the  reaction.    To  attain  the  highest  degree  of  dehcacy,. 
cool  the  fluid  with  ice,  let  the  starch  deposit,  and  place  the  test-tube 
upon  white  paper  to  observe  the  reaction  (compare  also  §  157). 

9.  Chlorine  gas  and  chlorine  water  also  decompose  iodine  com- 
pounds, setting  the  iodine  free ;  but  if  the  chlorine  is  used  in  excess, 
the  liberated  iodine  combines  with  it,  forming  a  colourless  chloride^  of 
iodine.  If  a  little  chlorine  water,  therefore,  is  added  to  a  dilute  solution 
of  the  metallic  iodide,  mixed  with  starch  paste,  it  at  once  acquires  a 
blue  tint,  but  becomes  colourless  again  on  adding  more  chlorine  water. 
As  it  is  difficult  not  to  exceed  the  proper  limit,  especially  when  the 
quantity  of  iodine  px-esent  is  but  small,  chlorine  water  is  not  well  adapted 
for  the  detection  of  minute  traces  of  iodine. 

10.  If  a  solution  containing  hydriodic  acid  or  an  iodide  is  mixed 
with  chloroform  or  bisulphide  of  carbon,  so  as  to  leave  a  few  drops 
undissolved,  and  one  of  the  agents  by  which  iodine  is  liberated  (a  drop 
of  a  solution  of  hyponitric  acid  in  sulphuric  acid — hydrochloric  acid  and 
nitrite  of  potassa— chlorine  water,  &c.)  is  added,  the  mixture  vigorously 
shaken,  and  then  allowed  to  remain  at  rest,  the  chloroform  or  bisulphide- 
of  carbon,  coloured  a  deeper  or  lighter  violet-red  by  the  iodine  dissolved 
in  it,  subsides  to  the  bottom.  This  reaction  is_  exceedingly  delicate. 
If  a  solution  containing  free  iodine  is  shaken  with  petroleum,  ben- 
zene, or  ether,  the  fii-st  two  are  coloured  red,  and  the  ether  more  of  a 
reddish-brown  or  yellow.  Iodine  colours  ether  much  more  intensely 
than  an  equal  quantity  of  bromine. 

11.  If  metalhc  iodides  are  heated  with  concentrated  sulphuric 
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acid,  or  with  dilute  sulphuric  acid  and  binoxide  of  manganese 
or  peroxide  of  lead,  or  with  dilute  sulphuric  acid  and  chromate 
of  potassa,  or  with  ferric  chloride  or  sulphate,  lodme  separates; 
this  may  be  known  by  the  colour  of  its  vapour,  or  in  the  case  of  very 
minute  quantities,  by  its  action  on  a  slip  of  paper  coated  with  starch 

^"^^2.  The  iodides  which  are  insoluble  in  water  and  nitric  acid  when 
fused  with  carbonate  of  soda  and  potassa  mixture  behave  in  the 
same  manner  as  the  corresponding  chlorides. 

13  A  bead'  of  microcosmic  salt  saturated  with  oxiae  oi 
copper,  touched  with  a  substance  containing  iodine,  and  ignited  m  the 
inner  blowpipe  flame,  imparts  an  intense  green  colour  to  the  flame. 

§  155. 

d.  Hydrocyanic  Acid,  HC,N  or  HCy  [HCN]. 

1.  Cyanogen,  C„N  [CoNJ,  is  a  colourless  gas  of  sp.  gr.  1-8  having 
a  peculiar  penetrating  odour ;  it  burns  with  a  crimson  flame,  and  is 
pretty  soluble  in  water. 

2.  Hydrocyanic  acid  (prussic  acid)  is  a  colourless,  volatile, 
inflammable  hquid,  the  odour  of  which  remotely  resembles  that  of  bitter 
almonds ;  it  is  miscible  with  water  in  all  proportions ;  in  the  pure  state 
it  speedily  suflers  decomposition.  It  is  extremely  poisonous.  Its 
aqueous  solution  does  not  redden  litmus-paper. 

3.  The  cyanides  of  the  alkalies  and  alkaline  earths  are  soluble  in 
water;  the  solutions  smell  of  hydrocyanic  acid.    They  are  readily 
decomposed  by  acids,  even  by  carbonic  acid.    Cyanides  of  potassium 
and  sodium  are  not  decomposed  by  fusion  if  air  is  excluded;  when 
fused  with  oxides  of  lead,  copper,  antimony,  tin,  &c.,  they  reduce  these 
oxides,  and  are  at  the  same  time  converted  into  cyanates ;  on  fusion  with 
metallic  sulphides,  these  cyanides  are  converted  into  sulphocyanates. 
Only  a  few  of  the  cyanides  with  heavy  metals  are  soluble  in  water ;  aU 
of  them  are  decomposed  by  ignition,  the  cyanides  of  the  noble  metals 
being  converted  into  cyanogen  gas,  and  metal  or  a  paracyanide  of  the 
metal,  the  cyanides  of  the  other  heavy  metals  into  nitrogen  gas  and 
metallic  carbides.    Many  of  the  cyanides  with  heavy  metals  are  not 
decomposed  by  dilute  oxygen  acids,  and  only  with  difficulty  by  concen- 
trated nitric  acid.    By  heating  and  evaporation  with  concentrated 
sulphuric  acid,  all  cyanides  are  decomposed ;  hydrochloric  acid  decom- 
poses a  few  of  them  ;  sulphuretted  hydrogen  decomposes  many  cyanides. 

4.  The  cyanides  have  a  great  tendency  to  combine  with  each 
other;  hence  most  of  the  cyanides  of  the  heavy  metals  dissolve  in 
cyanide  of  potassium.    The  compounds  formed  are  either  : 

a.  True  double  salts,  such  as  KCy-t-NiCy  [2KCN,Ni(CN),].  From 
solutions  of  such  double  salts,  acids,  by  decomposing  the  cyanide  of 
potassium,  precipitate  the  metallic  cyanide  which  was  combined  with  it. 
-Or, 

h.  Sunple  haloid  salts,  compounds  of  the  first  order,  m  which  a 
metal,  potassium,  for  example,  is  combined  with  a  compound  radicle 
consisting  of  cyanogen  and  another  metal  (iron,  cobalt,  manganese, 
chromium).  Ferrocyanide  and  ferricyanide  of  potassium,  KgCgNjFe 
or  K^Cfy  [K,FeC„NJ,  and  KjCi^N^Fe^  or  K.Cfdy  [K„Fe,C,,,H,,],  are  com- 
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pounds  of  this  kind.    From  solutions  of  compounds  of  this  nature 
dilute  acids  do  not  separate  metallic  cyanides  in  the  cold.    If  the  potas- 
sium is  displaced  by  hydrogen,  peculiar  hydrogen  acids  are  formed  which 
must  not  be  confounded  with  hydrocyanic  acid. 

In  the  first  place,  the  reactions  of  hydrocyanic  acid  and  the  simple 
cyanides  will  be  considered,  and  subsequently,  in  separate  sections,  those 
of  hydroferrocyanic  and  hydroferricyanic  acid. 

5.  Nitrate  of  silver  produces,  in  solutions  of  free  hydrocyanic  acid 
and  of  cyanides  of  the  alkali  metals,  white  precipitates  of  cyanide  of 
silver,  AgC,ISr  [AgCN],  which  are  readily  soluble  in  cyanide  of  potas- 
sium, but  dissolve  with  some  difficulty  in  ammonia,  and  are  insoluble  in 
dilute  nitric  acid;  these  precipitates  are  decomposed  by  ignition,  leaving 
metallic  silver  with  some  paracyanide  of  silver.  If  free  hydrocyanic 
acid  is  being  tested  for,  the  delicacy  of  the  reaction  is  increa.sed  if  the 
solution  is  first  supersaturated  with  ammonia,  nitrate  of  silver  then 
added,  and  finally  nitric  acid  to  acid  reaction. 

6.  If  a  solution  of  ferrous  sulphate  and  a  few  drops  of  ferric 
chloride  are  added  to  a  solution  of  free  hydrocyanic  acid,  no  alteration 
takes  place  ;  but  if  a  few  drops  of  a  solution  of  potassa  or  soda  is  now 
added  so  as  to  render  the  solution  alkaline,  a  bluish-green  precipitate 
forms,  which  consists  of  a  mixture  of  prussian-blue  and  hydrate  of 
f errosof erric  oxide.  If  hydrochloric  acid  is  added  after  an  interval  of  five 
minutes  (best  after  previous  application  of  heat),  the  hydrate  of  ferroso- 
ferric  oxide  dissolves,  whilst  the  prussian-blue  (p.  130,  6)  remains 
undissolved.  If  only  a  very  minute  quantity  of  hydrocyanic  acid  be 
present,  the  liquid  wUl  merely  appear  green  on  the  addition  of  the 
hydrochloric  acid,  and  it  is  only  after  long  standing  that  a  trifling  blue 
precipitate  separates.  The  same  final  reaction  is  observed  when  a  mix- 
ture of  protosalt  and  persalt  of  iron  is  mixed  with  the  solution  of  an 
alkaline  cyanide,  and  hydrochloric  acid  is  then  added. 

7.  If  a  liquid  containing  a  little  hydrocyanic  acid  or  cyanide  of 
potassium  (with  free  hydrocyanic  acid,  a  drop  or  two  of  a  dilute  solution 
of  potassa  or  soda  should  be  added)  be  mixed  with  sufficient  yellow 
sulphide  of  ammonium  to  impart  a  yellowish  tint  to  the  solution,  the 
mixture  warmed  in  a  porcelain  dish  on  the  water -bath  until  it  has  become 
colourless,  and  the  excess  of  sulphide  of  ammonium  is  decomposed  or 
volatilized,  and  the  whole  finally  evaporated  to  dryness,  the  Kquid  will 
contain  sulphocyanate  of  the  alkali.  This  is  dissolved  in  a  little  water, 
acidified  with  a  drop  or  two  of  hydrochloric  acid,  allowed  to  stand  a  few 
minutes,  and  then  ferric  chloride  is  added.  A  blood-red  coloration  is 
then  produced  by  the  sulphocyanate.  If  the  colour  is  violet  or  the 
red  coloration  disappears  rapidly,  more  ferric  chloride  must  be  added 
(Liebig,  Almen).  This  reaction  is  exceedingly  delicate.  The 
following  equation  expresses  the  conversion  of  hydrocyanic  acid  into 
sulphocyanate : 

NH^S,  4- 2KCy  =  2K:CyS,  +  NH,S 
[(NH,),S5  +  4KCN  =  4KCNS  +  (NH,),S]. 
If  an  acetate  is  present,  the  reaction  takes  place  only  on  adding  more 
hydrochloric  acid.  To  discover  the  cyanogen  ioi  insoluble  com2)Ounds 
by  converting  it  into  sulphocyanate  of  iron,  pr-oceed  as  follows  : — Fuse 
some  hyposulphite  of  soda  in  the  loop  of  a  platinum  wire  until  the_ water 
of  crystallization  is  driven  oft"  and  the  mass  swells  up,  dip  it  in  the 
substance,  heat  for  a  little  time,  removing  it  from  the  flame  as  soon  as 
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the  sulphur  becina  to  burn,  and  then  dip  the  mass  in  a  few  drops  of 
ferric  chloride"  mixed  with  a  Httle  hydrochloric  acid.  A  permanent 
blood-red  colour  will  be  produced.  If  the  substance  is  heated  too  long, 
the  reaction  fails,  as  the  sulphocyanate  of  sodium  formed  is  again 
destroyed.  This  method  is  well  suited  to  distinguish  chloride,  bromide, 
or  iodide  of  silver  from  cyanide  of  sil ver  ( A .  F  r  o  h  d  e ) . 

8.  On  mixing  a  moderately  concentrated  solution  of  an  alkaline 
cyanide  with  a  little  picric  acid  solution  (1  of  picric  acid  to  250  of 
water),  and  boUing,  the  fluid  appears  dark-red  from  formation  of  pier  o- 
cyamate  (isopurpurate)  of  pot  ass  a,  the  coloration  increasing  in 
intensity  by  standing.  If  the  solution  of  the  alkahne  cyanide  is  very 
dilute,  no  more  picric  acid  must  be  added  than  is  sufficient  just  to  colour 
the  liquid  lemon-yellow.  After  boiling,  the  red  coloration  frequently 
does  not  make  its  appearance  until  the  solution  has  cooled  and  stood 
some  time.  This  reaction  of  0.  D.  Braun's  is  not  so  delicate  as  those 
described  in  6  and  7,  but  it  can  be  used  to  detect  cyanide  in  presence  of 
ferrocyanide  of  potassium,  as  the  latter  does  not  yield  picrocyamate  of 
potassa. 

9.  On  saturating  filter-paper  with  freshly  prepared  tincture  of 
guaiacum  containing  3  or  4  per  cent,  of  the  resin,  allowing  the  alcohol 
to  evaporate,  moistening  the  paper  with  solution  of  sulphate  of  copper 
containing  I  per  cent,  of  the  salt,  and  then  exposing  it  to  air  in  which 
a  trace  of  hydrocyanic  acid  is  present,  it  becomes  blue  from  a  separation 
of  active  oxygen ; 

3CuO  +  2HCy  =  Cu3Cy,CuCy  +  2H0  +  0 
[3CuO  +  4HCN  =  CuJ(CN)„Cu(CN)2-(-2H,0-t-0] 
(Pagenstecher,  Schtinbein).  This  reaction  is  very  dehcate,  but 
not  characteristic  of  hydrocyanic  acid,  as  air  containing  ammonia, 
nitrous  acid,  ozone,  bromine,  iodine,  or  hypochlorous  acid  also  blues  the 
paper.  It  is  still  less  satisfactory  when  used  for  testing  solutions,  as 
not  only  do  hydrocyanic  acid  and  cyanides  impart  a  blue  colour  to  a 
mixture  of  tincture  of  guaiacum  with  very  dilute  sulphate  of  copper 
solution,  but  soluble  chlorides,  bromides,  iodides,  fluorides,  &c.,  produce 
the  same  efiect. 

10.  If  a  very  dilute  solution  of  iodide  of  starcli  is  mixed  with  a 
trace  of  hydrocyanic  acid,  or,  after  addition  of  dilute  sulphuric  acid, 
with  a  trace  of  an  alkaline  cyanide,  the  blue  colour  will  disappear 
immediately,  or  after  a  short  time,  the  iodine  and  the  hydrocyanic 
acid  being  transformed  into  iodide  of  cyanogen  and  hydriodic  acid. 
(Schonbein).  This  is  a  very  delicate  reaction,  but  cannot  be  relied 
on  without  further  tests,  as  many  other  substances  decolorize  iodide 
of  starch. 

11.  None  of  the  above  methods  can  be  used  to  detect  cyanogen  in 
cyanideof  mercury.  To  detect  cyanogen  in  that  compound  the  solu- 
tion must  be  treated  with  sulphuretted  hydrogen ;  the  cyanide  of  mercury 
is  then  decomposed,  sulphide  of  mercury  is  precipitated,  and  the  solu- 
tion contains  free  hydrocyanic  acid.  The  cyanogen  in  solid  cyanide  of 
mercury  is  most  readily  detected  by  heating  it  in  a  glass  tube.  (Com- 
pare 3.)  On  heating  a  solution  of  cyanide  of  mercury  in  a  retort  with 
hydrochloric  acid,  or  with,  chloride  of  sodium  and  oxalic  acid,  or  with 
chloride  of  sodium  and  dilute  sulphuric  acid,  the  distillate  will  contain 
a  large  proportion  of  the  cyanogen  as  hydrocyanic  acid. 
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a.  Hydroferrocyanic  Acid,  Hj,FeC„N3  =  HjjCfy  [H,FeC„Nj. 

Hydrofei'i'ocyanic  acid  is  colourless,  crystalline,  and  easily  soluble 
in  water.  Its  solutions  have  a  strongly  acid  reaction.  Some  of  the 
ferrocyanides,  as  those  containing  metals  of  the  alkalies  and  alkaline 
earths,  are  soluble  in  water,  but  the  greater  part  of  them  are  insoluble. 
All  the  ferrocyanides  are  decomposed  by  ignition ;  where  they  are  not 
quite  anhydrous,  hydrocyanic  acid,  carbonic  acid,  and  ammonia  escape, 
otherwise  nitrogen  and  occasionally  cyanogen.  In  solutions  of  hydro- 
ferrocyanic acid  or  of  soluble  ferrocyanides,  ferric  chloride  pro- 
duces a  blue  precipitate  of  ferrocyanideof  iron  (prussian-blue, 
comp.  p.  130,  6);  sulphate  of  copper  gives  a  brownish-red  precipitate 
of  ferrocyanide  of  copper  (see  p.  147,  9);  nitrate  of  silver  a 
white  precipitate  of  ferrocyanide  of  silver,  Ag^^FeCgNg  =: Agj,Cfy 
[Ag^FeCgNJ,  which  is  insoluble  in  nitric  acid  and  in  ammonia  if  treated 
with  it  for  a  short  time  in  the  cold,  but  dissolves  in  cyanide  of  potassium. 
If  boiled  with  aqueous  ammonia,  it  is  converted  into  ferrocyanide  of 
silver  and  iron,  whilst  cyanide  of  silver  and  cyanide  of  ammonivim  pass 
into  solution.  If  a  not  too  dilute  solution  of  an  alkaline  ferrocyanide 
be  mixed  with  hydrochloric  acid,  and  some  ether  poured  on  the  top 
of  the  mixture,  hydroferrocyanic  acid  will  separate  in  the  crystal- 
line form  where  the  two  liquids  meet.  Ferrocyanides  of  the  alkaU- 
metals  in  aqueous  solution  are  not  decomposed  by  carbonic  acid ;  this 
distinguishes  them  from  cyanides  of  the  alkali  metals.  Insoluble  ferro- 
cyanides are  decomposed  by  boiling  with  solution  of  soda,  ferrocyanide 
of  sodium  being  formed,  and  the  oxides  thrown  dovra,  unless  they  are 
soluble  in  soda.  On  heating  ferrocyanides,  such  as  prussian-blue,  with 
ammoniacal  silver  solution,  oxide  of  iron  separates,  and  the  solution 
when  acidified  with  nitric  acid  yields  a  precipitate  of  cyanide  of  silver 
(Werth).  If  ferrocyanides  are  heated  with  a  mixture  of  3  parts  con- 
centrated sulphuric  acid  and  1  part  water,  until  the  free  acid  is  ex- 
pelled, they  are  decomposed,  and  the  cyanogen  is  driven  off  in  the  form 
of  hydrocyanic  acid ;  the  metals  remain  behind  as  sulphates.  On  pro- 
jecting metallic  cyanides  into  fusing  nitrate  of  potassa,  the  cyanogen 
is  converted  into  carbonic  acid  and  nitrogen,  and  the  metals  are  con- 
verted into  oxides,  which  remain  in  the  crucible. 

j3.  Hydroferricyanic  Acid,  HjFe^Cj.N,  =  H3Cfdy  [H„Fe,c.,Nj,]. 

Hydroferricyanic  acid  and  many  of  the  ferricyanides  are  soluble  in 
water;  like  the  ferrocyanides,  all  ferricyanides  are  decomposed  by  igni- 
tion. In  the  aqueous  solutions  of  hydroferricyanic  acid  and  its  salts, 
ferric  chloride  produces  no  blue  precipitate;  but  ferrous  stdphate 
produces  a  blue  precipitate  of  ferricyanide  of  iron  (seep.  129,  8); 
sulphate  of  copper  a  yellowish-green  precipitate  of  ferricyanide 
of  copper,  CugCfdy  [CuaFeAjNis],  insoluble  in  hydrochloric  acid; 
nitrate  of  silver  an  orange-coloured  precipitate  of  ferricyanide  of 
silver,  Ag,,Cfdy  [AgoFejC,jN,.,],  which  is  insoluble  in  nitric  acid,  but 
dissolves  readily  in  ammonia  and  in  cyanide  of  potassium.  Aqueous 
solutions  of  the  ferricyanides  of  the  alkali  metals  are  not  altered  by 
carbonic  acid,  but  sulphuretted  hydrogen  decomposes  them; 
sulphur  separates,  and  hydroferrocyanic  acid  and  a  ferrocyanide  of 
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the  alkali  metal  is  formed.  Free  hydroferricyanic  acid  or  a  solution  of 
ferricyanide  of  potassium  acidified  with  hydrochloric  acid  undergoes  an 
analoc'ous  decomposition.  The  insoluble  ferricyanides  are  decomposed 
by  boiling  with  solution  of  soda,  the  metallic  oxides  being  thrown 
down ;  in  the  filtrate  from  them  either  ferricyanide  of  sodium  alone  is 
found'  or  a  mixture  of  ferro-  with  ferricyanide  of  sodium.  Ferri- 
cyanides when  heated  Avith  an  ammoniacal  silver  solution  are  decom- 
posed in  a  manner  similar  to  the  ferrocyanides.  On  being  heated  with 
a  mixture  of  3  parts  concentrated  sulphuric  acid  and  1  part  water, 
and  also  on  fusion  with  nitrate  of  potassa,  the  ferricyanides  are  decom- 
posed Hke  the  ferrocyanides. 

§  156. 

c.  Sulphuretted  Hydrogen  or  Hydrosulphuric  Acid, 

HS  [H,S]. 

1.  Sulphur  is  a  solid,  brittle,  friable,  tasteless  substance,  insoluble 
in  water.  It  occurs  occasionally  in  the  form  of  yellow  or  brownish 
crystals,  or  crystalline  masses  of  a  yellow  or  brownish  colour,  and  occa- 
sionally in  that  of  a  yellow  or  yellowish-white  or  grayish-white  powder. 
It  melts  at  118°,  and  at  a  higher  temperature  it  is  converted  into 
brownish-yeUow  vapours,  which  in  cold  air  condense  to  a  yellow  powder, 
and  on  the  sides  of  the  vessel  to  drops.  Heated  in  the  air,  it  burns 
with  a  bluish  flame  forming  sulphurous  acid,  which  is  i-ecognized  at 
once  by  its  sufibcating  odour.  Concentrated  nitric  acid,  nitrohydro- 
chloric  acid,  and  a  mixture  of  chlorate  of  potassa  and  hydrochloric  acid 
dissolve  sulphur  gradually,  with  the  aid  of  a  moderate  heat,  converting 
it  into  sulphuric  acid ;  it  dissolves  in  boiling  solution  of  soda  to  a  yellow 
liquid,  which  contains  sulphide  of  sodium  and  hyposulphite  of  soda ; 
it  is  insoluble  in  cold  ammonia,  but  in  warm  ammonia  it  dissolves  to  a 
small  extent.  Bisulphide  of  carbon  dissolves  the  ordinary  variety  of 
sulphur  with  ease,  but  there  is  also  a  modification  which  is  insoluble 
in  it.  A  hydrogen  flame  brought  in  contact  with  sulphur,  or  with 
sulphides  or  sulphates,  becomes  of  a  beautiful  blue  colour. 

2.  Sulphuretted  hydrogen,  at  the  ordinary  temperature  and 
pressure,  is  a  colourless  inflammable  gas,  soluble  in  water,  readily  re- 
cognized by  its  odour  of  rotten  eggs ;  it  transiently  imparts  a  red  tint 
to  litmus-paper.  "When  ignited,  it  burns  with  a  blue  flame  yielding 
water  and  sulphurous  acid.  Sulphuretted  hydrogen  (the  uses  and 
properties  of  which  have  been  akeady  given,  p.  49)  is  decomposed  by 
chlorine,  bromine,  iodine,  ferric  chloride,  permanganic  acid,  chromic 
acid,  nitrous  acid,  and  other  oxidizing  agents,  with  separation  of  sulphur. 

3.  Of  the  sulphides,  only  those  with  alkalies  and  alkaline  earths 
are  soluble  in  water.  "  These,  as  well  as  the  sulphides  of  iron,  man- 
ganese, and  zinc,  are  decomposed  by  dilute  mineral  acids,  with  evolution 
of  sulphuretted  hydrogen,  which  may  be  readily  detected  by  its  odour, 
and  by  its  action  on  solution  of  lead  (see  4).  The  decomposition  of 
the  higher  sulphides  is  attended  with  separation  of  sulphur  in  a 
finely  divided  state ;  the  white  precipitate  may  be  readily  distinguished 
from  similar  precipitates  by  its  behaviour  when  heated.  Part  of 
the  sulphides  of  the  metals  of  the  fifth  and  sixth  groups  are  decom- 
posed by  concentrated  and  boiling  hydrochloric  acid,  with  evolution  of 
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sulplmi-etted  hydrogen,  whilst  others  are  not  dissolved  by  liydrocliloric 
acid,  but  by  concentrated  and  boiling  nitric  acid.  The  compounds  of 
sulphur  with  mercury,  gold,  and  platinum  resist  the  action  of  both 
acids,  more  or  less,  but  dissolve  in  nitrohydrochloric  acid.  On  tlie 
dissolution  of  sulphides  in  nitric  acid  and  in  nitrohydrochloric  acid, 
sulphuric  acid  is  formed,  and  in  most  cases  sulphur  is  simultaneously 
separated.  Many  metallic  sulphides,  more  especially  those  of  a  higher 
degree  of  sulphuration,  give  a  sublimate  of  sulphur  when  heated  in  a 
tube  sealed  at  one  end.  All  sulphides  are  decomposed  by  fusion  with, 
nitrate  of  potassa  and  carbonate  of  soda ;  on  extracting  the  melt  with 
water,  the  sulphur  is  found  in  solution  as  alkaline  sulphate. 

4.  If  sulphuretted  hydrogen,  in  the  gaseous  state  or  in  solution,  is 
brought  into  contact  with  nitrate  of  silver  or  acetate  of  lead,  black 
precipitates  of  sulphide  of  silver  or  sulphide  of  lead  are  fox-med. 
In  cases,  therefore,  where  the  odour  fails  to  afford  sufficient  proof  of  the 
presence  of  sulphuretted  hydrogen,  it  can  be  detected  by  these  reagents 
with  certainty.  If  the  sulphuretted  hydrogen  is  present  in  the  gaseous 
form,  the  air  suspected  to  contain  it  is  tested  by  placing  in  it  a  small 
slip  of  paper  moistened  with  solution  of  acetate  of  lead  and  a  little 
ammonia ;  if  sulphuretted  hydrogen  is  present,  the  slip  becomes  covered 
with  a  brownish-black  shining  film  of  sulphide  of  lead.  To  detect  a 
trace  of  an  alkaline  sulphide  in  presence  of  a  free  alkali  or  an  alkaline 
carbonate,  the  best  way  is  to  mix. the  liquid  with  a  solution  of  oxide  of 
lead  ia  soda,  which  is  prepared  by  mixing  solution  of  acetate  of  lead 
with  solution  of  soda  until  the  precipitate  which  forms  at  first  is 
redissolved. 

5.  If  a  liquid  containing  sulphuretted  hydrogen  or  an  alkaline 
sulphide  is  mixed  with  solution  of  soda,  and  nitroprusside  of 
sodium  added,  it  acquires  a  fine  reddish- violet  tint.  The  reaction  is 
very  delicate ;  hxxt  that  with  solution  of  oxide  of  lead  in  soda  is  still 
more  sensitive. 

6.  Yery  minute  traces  of  sulphuretted  hydrogen  may  be  detected 
in  an  aqueous  sokition  by  adding  to  it  ^^th  of  its  volume  of  fuming 
hydrochloric  acid  and  a  few  particles  of  paramidodimethylaniliae 
sulphate,*  and,  as  soon  as  the  latter  has  dissolved,  1  or  2  drops  of  a 
dilute  solution  of  ferric  chloride.  If  sulphui^etted  hydrogen  is  present, 
methylene-blue  is  formed,  which  colours  the  solution  to  pure  blue 
(H.  Caro,  E.  Fischer). 

7.  If  metallic  sulphides  are  exposed  to  the  oxidizing  flame  of  the 
blowpipe,  the  sulphur  burns  with  a  blue  flame,  emitting  at  the  same 
time  the  well-known  odour  of  sulphurous  acid.  If  a  metallic  sulphide 
is  heated  in  a  glass  ttibe  open  at  both  ends,  in  the  upper  part  of  which 
a  slip  of  blue  litmus-paper  is  inserted,  and  the  tube  is  held  in  a  slanting 
position  during  the  operation,  the  escaping  sulphurous  acid  reddens  the 

litmus-paper.  i  •  i-i 

8.  If  a  finely  pulverized  metallic  sulphide  is  boiled  m  a  porcelain  clisli 
with 'solution  of  potassa,  and  the  mixture  then  heated  to  incipient  fusion 
of  the  hydrate  of  potassa,  or  if  the  test  specimen  is  fused  in  a  platinum 
spoon  with  hydrate  of  potassa,  and  the  mass  is,  in  either  case,  dissolved 
in  a  little  water,  a  piece  of  bright  silver  (a  polished  coin)  put  into  the 
solution,  and  the  latter  warmed,  a  brownish-black  film  of  sulphide  ot 

«  For  the  preparation  of  this  reagent,  see  Zeit.  anal.  Chem.,  23,  226. 
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silver  forms  on  the  metal.  This  film  may  be  removed  afterwards  by 
rubbing  the  metal  with  leather  and  quicklime  (v.  K obeli). 

9  If  the  powder  of  a  sulphide  which  is  not  decomposed  by  hydro- 
chloric acid,  or  only  vnth.  difficulty,  be  mixed  in  a  small  cylinder,  or  ni  a 
wide-necked  flask,  with  <an  equal  volume  of  finely  divided  iron  free  from 
sulphur  (ferrum  alcoholisatum)  and  some  moderately  dilute  hydrochloric 
acid  (1  volume  of  the  concentrated  acid  to  1  volume  of  water)  poured 
over  the  mixture,  in  a  layer  a  few  lines  thick,  sulphuretted  hydrogen 
will  escape  along  with  the  hydrogen.  This  may  be  easily  detected  by 
placino-  a  slip  of  paper  moistened  with  solution  of  acetate  of  lead,  and 
dried  again,  under  the  cork,  so  that  the  bottom  is  covered  by  it,  the 
ends  of  the  slip  projecting  on  both  sides,  and  then  loosely  inserting  the 
cork  into  the  mouth  of  the  flask.  Eealgar,  orpiment,  and  molybdenite 
do  not  show  this  reaction  (v.  K obeli). 

§  157. 

Recapitulation  and  Remarks. 

Most  of  the  acids  of  the  first  group  are  also  precipitated  by  nitrate 
of  silver,  but  the  precipitates  cannot  well  be  confounded  with  the  silver 
compounds  of  the  acids  of  the  second  group,  as  the  former  are  soluble  in 
dilute  nitric  acid,  whilst  the  latter  are  insoluble.    The  presence  of 
sulphuretted  hydrogen  interferes  more  or  less  with  the  testing  for  the 
other  acids  of  the  second  group ;  this  acid,  if  present,  must  be  removed, 
therefore,  before  the  testing  for  the  other  acids  can  be  proceeded  with. 
The  removal  of  the  sulphuretted  hydrogen,  if  present  in  the  free  state, 
may  be  efiected  by  boiling ;  and  if  as  an  alkali  sulphide,  by  the  addition 
of  some  metallic  salt,  which  will  not  precipitate  any  of  the  other  acids, 
or  at  least  not  in  an  acid  solution.    Hydrocyanic  acid  may  be  detected, 
even  in  presence  of  hydrochloric,  hydrobromic,  or  hydriodic  acid,  by  the 
equally  characteristic  and  deHcate  reaction  with  a  solution  containing 
ferrosoferric  oxide.    Cyanides  of  the  alkali  metals  may  be  detected  in 
the  presence  of  alkahne  f  erro-  and  f  erricyanides  by  treating  the  aqueous 
solution  with  carbonic  acid  gas  and  then  distUHng ;  the  cyanogen  which 
was  combined  with  the  alkali  metals  then  passes  over  in  the  distillate  as 
hydrocyanic  acid.    The  ferrocyanogen  and  ferricyanogen  may  also  be 
cautiously  precipitated  by  the  addition  of  ferric  and  ferrous  sulphate 
respectively,  and  the  cyanogen  detected  in  the  filtrate  according  to 
§  155,  6.    Hydriodic  acid  may  be  easily  detected  in  the  presence  of 
hydrochloric  and  hydrobromic  acids  by  adding  starch  or  carbon  bisul- 
phide and  a  solution  containing  nitrous  acid.    This  iodine  reaction, 
however,  is  aflfected  or  altogether  prevented  by  the  presence  of  cyanogen 
compounds;  the  recognition  of  chlorine  and  bromine  is  also  rendered 
more  or  less  difficult  by  the  presence  of  iodine  or  cyanogen  compounds. 
Therefore,  before  testing  for  iodine,  any  cyanogen  present  must  be 
either  removed  or  rendered  inert,  and  when  bromine  or  chlorine  are 
tested  for,  any  cyanogen  or  iodine  present  must  be  similarly  treated. 
The  separation  of  the  cyanogen  may  be  readily  efiected  by  igniting  the 
mixed  silver  salts:  the  cyanide  of  silver  is  decomposed,  whilst  the 
chloride,  bromide,  and  iodide  remain  unaltered.    On  fusing  the  ignited 
residue  with  carbonate  of  soda  and  potassa,  and  boiling  the  fused  mass 
with  water,  chloride,  bromide,  and  iodide  of  the  alkali  metals  are 
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obtained  in  solution.  The  fused  silver  compounds  may  also  be  readily 
decomposed  with  zinc ;  for  this  purpose  water  is  poured  over  them,  a 
little  sulphuric  acid  and  a  fragment  of  zinc  added,  the  mixture  allowed 
to  remain  for  some  time,  and  the  solution  of  chloride,  bromide,  or  iodide 
of  zinc  filtered  off  from  the  separated  metallic  silver. 

The  iodine  may  be  separated  from  the  chlorine  and  bromine  by  treat- 
ing the  silver  compounds  with  ammonia,  but  more  accurately  by  pre- 
cipitating the  iodine  as  cuprous  iodide.  From  bromine  alone,  iodine 
may  be  separated  most  accurately  by  palladious  chloride,  which  only 
precipitates  the  iodine  ;  it  may  be  separated  from  chlorine  by  nitrate  of 
protoxide  of  palladium. 

Bromine  in  presence  of  iodine  and  chlorine  may  be  identified  by  the 
following  simple  operation:  The  liquid  is  mixed  with  a  few  drops. of 
dilute  sulphuric  acid,  then  with  some  starch-paste,  and  a  little  red 
fuming  nitric  acid,  or,  better  still,  a  solution  of  nitrous  acid  in 
sulphuric  acid  is  added,  whereupon  the  iodine  reaction  at  once  appears. 
Chlorine-water  is  now  added  drop  by  drop  until  that  reaction  has 
disappeared,  then  some  more  chlorine-water  to  set  the  bromine  free, 
which  may  be  separated  and  identified  by  means  of  chloroform  or 
bisulphide  of  carbon.  Or  the  iodine— liberated  in  a  very  dilute  solution 
— may  be  taken  up  with  chloroform  or  bisulphide  of  carbon,  the  solution 
filtered  through  a  moist  filter,  and  the  bromine  detected  in  the  filtrate 
by  means  of  chloroform  or  bisulphide  of  carbon  and  chlorine  \yater. 
Or  instead  of  this,  chlorine  water  may  be  cautiously  added  immediately 
after  the  liberation  of  the  iodine,  when  the  violet-red  coloration  Avill 
gradually  fade  away,  and  give  place  to  the  brownish-red  colour  which 
bromine  imparts  to  these  solvents. 

For  the  detection  of  metallic  chlorides  in  the  presence  of  metallic 
bromides  and  iodides,  that  is  to  say,  to  recognize  the  thi^ee  halogens  in 
the  presence  of  one  another,  the  freshly  precipitated  mixed  silver  salts  are 
washed  by  decantation,  and  then  boiled  for  from  two  to  three  minutes 
with  80  to  100  times  the  volume  of  an  aqueous  solution  of  sesquicar- 
bonate  of  ammonia  (see  note,  p.  213),  allowed  to  settle,  the  solution 
decanted,  and  the  extraction  repeated  once  more  by  boiling  with  fresh 
sesquicarbonate  of  ammonia  solution.  The  solution  contains  all  the 
silver  chloride  (with  a  trace  of  silver  bromide).  The  residue  of  silver 
iodide  and  bromide  is  treated  with  a  5  per  cent,  solution  of  ammonia 
(sp.  gr.  =  0-9783) ;  this  dissolves  all  the  silver  bromide  (with  a  trace 
of  silver  iodide),  nearly  all  the  silver  iodide  remaining  undissolved 
(H.  Hager).  The  precipitate  thrown  down  from  the  ammoniacal  solu- 
tion and  the  undissolved  silver  iodide  may  then  be  fused  with  sodium  car- 
bonate, the  fused  mass  treated  with  water,  and  the  fiiltrates  which  contam 
the  halogens  in  an  almost  pure  condition  may  then  be  tested  further. 
In  order  to  recognize  the  chlorine,  the  sesquicarbonate  of  ammonia 
solution  is  almost  neutraHzed  with  sulphuric  acid  (the  reaction  may  be 
slightly  alkaline,  but  must  not  be  acid),  evaporated  to  dryness,  and  the 
residue  fused  with  dichromate  of  potassa  and  the  melt  treated  according 
to  §  152  7.  Chlorine  may  also  be  detected  in  the  presence  of  bromme 
and  iodineby  thef  ollowingmethod :— The  solution  containing  the  halogens 
combined  with  the  alkali  or  alkahne  earthy  metals  is  heated  with  acetic 
acid  and  peroxide  of  lead  until  the  supernatant  liquid  is  colourless  and 
has  no  longer  the  shghtest  odour  of  iodine  or  bromine;  m  this  way  tlie 
whole  of  the  bromine  and  part  of  the  iodine  are  driven  off,  the  remainder 
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of  the  latter  remaining  as  iodate  of  lead  along  with  the  excess  of  lead 
peroxide.  This  is  filtered  off,  the  precipitate  washed  with  boiling  water, 
and  the  chlorine  precipitated  from  the  filtrate  by  the  addition  of  silver 
nitrate.    (G.  Vortmann.) 

A.  Mitscherlich  states  that  by  long  practice  it  is  possible  to  detect 
chlorine,  bromine,  and  iodine  in  presence  of  one  another  by  means  of 
the  spectroscope  :  see  Zeit.  anal.  Chem.  4,  153.* 

As  regards  the  iodide  of  starch  reaction,  it  must  be  noted  that  salts 
(alum,  alkaline  sulphates,  sulphate  of  magnesia,  &c.)  diminish  its  deli- 
cacy. It  is  also  found,  as  regards  this  and  the  bisulphide  of  carbon 
reaction,  that  many  organic  substances,  such  as  albuminoids  (Puchot), 
resorcin,  orcin,  phloroglucin  (Hlasiwetz ),  and  especially  tannin,  may 
entirely  prevent  the  reaction ;  moreover,  when  nitrous  acid  is  used  to 
liberate  the  iodine,  the  presence  of  sulphocyanates  may  occasion  mistakes 
(Nadler),  since  a  reddish  colour  may  be  produced  even  when  iodine  is 
not  present  from  formation  of  pseudosulphocyanogen.  On  shaking 
with  bisulphide  of  carbon,  the  colouring  substance  is  for  the  most  part 
taken  up  by  it. 

Besides  the  above-mentioned  reagents  for  liberating  iodine,  many 
others  have  been  proposed,  and  may  be  employed  ■  thus,  for  instance, 
iodic  acid  or  an  alkaline  iodate  and  hydrochloric  acid  (v.  Liebig); 
ferric  chloride  and  sulphuric  acid,  or  chloride  of  platinum,  with  addi- 
tion of  some  hydrochloric  acid  (Hempel);  permanganate  of  potassa 
or  chromic  acid  in  slightly  acidified  solution,  &c.  With  respect  to 
these  reagents,  it  should  be  noted  that  iodic  acid  must  be  used  with 
the  greatest  caution,  as  a,  in  presence  of  reducing  substances  iodine  is 
set  free  from  the  reagent,  and  b,  an  excess  of  iodic  acid  at  once  stops 
the  reaction,  Ferric  chloride,  with  addition  of  sulphuric  acid,  does  not 
act  immediately  in  very  dilute  solutions ;  but  after  a  time  the  reaction 
will  take  place,  revealing  the  presence  of  even  the  minutest  trace  of 
iodine;  an  excess  of  the  reagent  interferes  but  little  with  the  test.  Ferric 
chloride  may  be  used  with  advantage  when  iodine  is  to  be  hberated  in 
the  state  of  vapour,  in  the  presence  of  sulphocyanates,  for  example,  or 
of  those  organic  substances  which  interfere  with  the  iodide  of  starch 
reaction.  The  solution  in  that  case  is  heated  nearly  to  boiling,  and  the 
escaping  fumes  are  allowed  to  act  on  paper  smeared  with  fresh  starch 
paste.  Permanganate  of  potassa  acts  immediately,  even  in  the  most 
■dilute  solutions ;  as,  however,  a  liquid  coloured  by  minute  traces  of  iodide 
of  starch  appears  reddish,  the  coloration  imparted  by  the  permanganic 
acid  alone  may  lead  to  mistakes  in  the  iodide  of  starch  test.  From  six 
to  twelve  hours  should  therefore  always  be  allowed  to  elapse  before 
judging  of  the  actual  nature  of  the  coloration  Avith  this  reagent.  The 
method  of  operating  may  of  course  be  modified  in  various  ways,  so  as  to 
increase  the  delicacy  of  the  starch  reaction ;  interesting  particulars  upon 
this  point  may  be  found  in  the  papers  of  Morinf  and  Hempel.J 

*  Respecting  the  detection  of  small  quantities  of  chlorides  in  the  presence  of 
large  amounts  of  iodides,  see  Dietzell,  Zeit.  anal.  Chem.,  8,  453.— Small  quantities 
of  chlorine  or  bromine  with  large  amounts  of  iodine,  Bohlig,  ibid.,  9,  315.— Small 
quantities  of  iodine  in  the  presence  of  bromine  and  bromides,  .Jorissen,  ibid.,  19, 
353. — For  the  detection  of  chlorine,  bromine,  iodine,  cyanogen,  ferrocyanogen  and 
ferricyanogen,  also  of  chloric,  bromic,  and  iodic  acids  in  a  mixture,  see  Lonei. 
ibid.,  23, 70.  '  5  » 

t  Jour.  pr.  Chem,,  78,  1,  +  Ann.  Chem,  Pharm.,  107,  102. 
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§158. 

Reactions  of  Rarer  Acids  of  the  Second  Group. 
1.  Nitrous  Acid.  IsO^  [N^OJ. 

Nitrous  acid,  in  the  free  state,  at  the  ordinary  temperature,  is  a  brownish- 
red  gas.  _  In  contact  with  water  it  is  converted,  for  the  most  part  at  least, 
into  nitric  acid,  which  dissolves,  and  nitric  oxide,  which  escapes  in  part 
when  the  quantity  of  water  is  not  very  large,  3]Sr03+HO  =  HO,NO-+2KO 
[3N,03+H,0  =  2HN03  +  4NO].    The  nitrites  are  decomposed  by  ignitionj 
most  of  them  are  soluble  in  water.    When  nitrites  or  concentrated  solutions 
of  nitrites  are  treated  with  dilute  sulphuric  acid,  it  is  not  nitrous  acid  gas 
which  is  evolved,  but  nitric  oxide  gas,  whilst  nitric  acid  is  simultaneously 
formed.    Very  dilute  solutions  of  nitrites,  such,  for  example,  as  contain  0-006 
gram,  or  less,  of  nitrous  acid  per  litre,  when  acidified  with  dilute  sulphuric 
acid  or  acetic  acid  and  distilled,  give  a  distillate  which  contains  almost  the 
whole  of  the  nitrous  acid  originally  present  in  the  solution ;  in  fact,  the  first 
10-20  c.c.  which  pass  over  contain  the  greater  portion  of  it.    This  affords  a 
means  of  concentrating  the  nitrous  acid  in  a  small  quantity  of  liquid,  and 
at  the  same  time  separating  it  from  substances  which  interfere  with  its 
detection ;  of  course  this  method  is  not  applicable  when  substances  which 
decompose  nitrous  acid,  such  as  sulphuretted  hydrogen,  are  present.  In 
solutions  of  nitrites  of  the  alkalies,  nitrate  of  silver  produces  a  white  pre- 
cipitate, whicb  dissolves  in  a  very  large  proportion  of  water,  especially  when 
warmed  ;  in  neutral  solutions,  ferrous  sulphate  produces  a  pale  brownish- 
yellow  coloration,  but  on  the  addition  of  acetic  acid  this  changes  to  brownish- 
black,  from  the  nitric  oxide  dissolving  in  the  solution  of  the  sulphate  of  iron 
(distinction  from  nitric  acid).    Sulphuretted  hydrogen  produces  a  white 
precipitate  of  sulphur,  which  appears  immediately  if  free  nitrous  acid  is 
present,  but  only  gradually,  after  a  time,  in  neutral  solutions  of  nitrites  of 
the  alkalies.    Pyrogallic  acid  imparts  a  brown  colour  to  solutions  of  nitrites 
acidified  with  sulphuric  acid,  even  when  very  dilute  (Schonbein).  If 
cyanide  of  potassium  be  added  to  an  alkaline  nitrite,  then  some  neutral 
solution  of  chloride  of  cobalt  and  a  little  acetic  acid,  the  liquid  becomes  of 
a  rosy-orange  colour  from  the  formation  of  nitrocyanide  of  cobalt  and  potas- 
sium (0.  D.  Braun).    A  still  more  delicate  reagent  for  nitrous  acid  is  solu- 
tion of  iodide  of  potassium  mixed  with  starch  paste,  or  iodide  of 
zinc*  solution,  especially  if  sulphuric  acid  is  added  (Price,  Schonbein) ; 
water  containing  one  hundred-thousandth  part  of  nitrite  of  potassa,  together 
with  free  sulphuric  acid,  is  coloured  distinctly  blue  by  this  reagent  in  a  few 
seconds,  and  a  few  minutes  sufiice  to  produce  the  same  eifect  in  water  con- 
taining one  millionth  part  of  nitrite  of  potassa.    It  must  be  borne  in  mind, 
however,  that  this  reaction  is  trustworthy  only  when  no  other  substance  is 
present  capable  of  decomposing  iodide  of  potassium,  such,  for  instance,  as 
iodic  acid,  ferric  oxide,  &c.    By  adding  indigo  solution  to  water  until  it  has 
lost  its  transparence  from  the  depth  of  colour,  then  hydrochloric  acid  and  a 
solution  of  an  alkaline  polysulphide  with  stirring,  until  the  blue  colour 
just  vanishes,  and  filtering,  a  clear  liquid  is  obtained  which  acquires  a  distinct 
blue  colour  on  the  addition  of  a  solution  containing  the  merest  trace  of  nitrous 
acid.    This  reaction  is  to  be  recommended  if  other  reducing  substances  are 
present  which  interfere  with  the  action  of  nitrous  acid  on  an  acidified  solution 
of  staxch  and  iodide  of  potassium  (Schonbein) ;  but  it  must  not  be  over- 
looked that  other  oxidizing  substances  reproduce  the  blue  colour.    On  mixing 

*  A  stable  solution  of  iodide  of  zinc  may  be  prepared  according  to  the  follow- 
ing directions : — 5  grams  of  starch  and  20  grams  of  chloride  of  zinc  are  boiled 
together  with  100  c.c.  of  water  until  the  starch  granules  are  completely  dissolved, 
the  water  being  renewed  from  time  to  time  ;  2  grams  of  iodide  of  zinc  are  then 
added,  the  whole  diluted  to  1000  c.c.  and  filtered.  The  solution  must  be  kept  in  a 
closed  flask  in  the  dark. 
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a  solution  of  nitrons  acid  (for  instance,  a  solution  of  nitrite  of  potassa  acidiHed 
with  acetic  acid)  with  sulphocyanate  of  potassium,  the  liquid  is  not 
coloured,  but  if  nitric,  hydrochloric,  or  sulphuric  acid  bo  added,  a  dark-red 
colour  will  make  its  appearance,  which  vanishes  on  addmg  alcohol  or  on 
heating  for  a  short  time  (difference  from  sulphocyanate  of  iron).  Phe  colour- 
ing substance  is  mostly  talceii  up  from  the  solution  on  shaking  it  with 
bisulphide  of  carbon.  Permanganate  of  potassa  has  no  action  on  neutral 
solutions  of  nitrites,  but  on  adding  a  dilute  acid,  the  solution  becomes 
decolorized,  and  with  excess  of  permanganate  all  the  nitrous  acid  is  con- 
verted into  nitric  acid.* 

2.  Hypochlorous  Acid,  010  [Cl.,0]. 

At  the  ordinary  temperature,  hypochlorous  acid  is  a  deep  yellowish-green 
gas  of  a  disagreeable,  irritating  odour,  similar  to  that  of  chlorine ;  when 
heated,  it  explodes  and  is  decomposed  into  chlorine  and  oxygen,  it  is  soluble 
in  water,  and  the  dilute  aqueous  solution  bears  distillation,    ihe  hypo- 
chlorites are  usually  accompanied  by  metalhc  chlorides,  as  m  the  case,  tor 
instance,  in  chloride  of  lime,  eau  cle  Javelle,  &c. ;  these  solutions  are  changed 
by  boiling,  the  hypochlorite  being  resolved  into  chloride  of  the  metal  and  a 
chlorate,  attended,  in  the  case  of  concentrated,  but  not  in  that  of  dilute  solu- 
tions, with  evolution  of  oxygen.    If  a  solution  of  chloride  of  lime  is  mixed 
with  hydrochloric  acid  or  sulphuric  acid  in  excess,  chlorine  is  disengaged,  but 
on  passing  a  current  of  carbonic  acid  into  a  solution  of  chloride  of  lime, 
hypochlorous  acid  is  set  free.    Nitrate  of  silver  throws  down  chloride  ot 
silver  from  solution  of  chloride  of  lime  which  has  been  neutrahzed  with  nitric 
acid,  but  not  so  as  to  smell  of  chlorine ;  the  hypochlorite  of  silver,  ^vhlch 
forms  at  first,  is  speedily  resolved  into  chloride  of  silver  and  chlorate  of  silver : 
3(AgO,C10)=AgO,0105+2Ag01  [3AgCIO  =  AgC103  +  2AgCI].    Nitrate  of 
lead  produces  a  precipitate  which  is  at  first  white,  but  changes  gradually  to 
orange-red,  and  ultimately  to  brown,  owing  to  formation  of  peroxide ;  salts 
of  protoxide  of  manganese  give  a  brown-black  precipitate  of  hydrate  of 
binoxide  of  manganese.    The  action  of  free  hypochlorous  acid  on  mercury 
gives  rise  to  yellowish-brown  oxychloride  of  mercury  (chlorine,  on  the  other 
hand,  gives  mercurous  chloride).    If,  however,  but  little  hypochlorous  acid 
is  present  along  with  much  chlorine,  so  that,  after  long-continued  shaking, 
the  hypochlorous  acid  cannot  be  detected  by  the  colour  of  the  precipitate,  the 
latter  must  be  treated  with  hydrochloric  acid ;  this  dissolves  the  oxychloride 
and  leaves  the  mercurous  chloride  ;  if  hypochlorous  acid  were  present  in  the 
original  solution,  the  filtrate  will  contain  mercuric  chloride.  _  Hypochlorites 
can  be  detected  still  more  readily  than  the  free  acid,  by  shaking  th6  solution 
with  mercury ;  yellow  mercuric  oxide  is  formed  which  gradually  becomes  red, 
and,  on  continuing  the  shaking,  adheres  to  the  sides  of  the  bottle.  Ohlorous 
acid  and  chloric  acid  in  combination  with  bases  have  no  action  on  mercury 
(Wolters ).    A  solution  of  permanganate  of  potassa  is  not  decolorized. 
Solutions  of  litmus  and  indigo  are  decolorized  by  solutions  of  hypochlorites 
«ven  when  alkaline,  but  still  more  rapidly  and  completely  on  adding  an  acid. 
If  a  solution  of  arsenious  acid  in  hydrochloric  acid  is  coloured  blue  with 
solution  of  indigo,  and  a  solution  of  chloride  of  lime  is  added,  with  active 
stirring,  decolorization  will  take  place  only  after  the  whole  of  the  arsenious 
acid  has  been  converted  into  arsenic  acid. 

*  The  following  reagents  liave  also  been  proposed  for  the  detection  of  small 
amounfg  and  especially  of  very  minute  traces  of  nitrous  acid  : — Diamidobenzoic 
acid  (P.  Griess,  Zeit,  anal.  Chem.,  10,  92);  diphenylamine  (E.  Kopp,  ibid.,  11, 
461) ;  phenol  and  mercurous  nitrate  (P.  C.  Plugge,  tbicl,  14,  131)  ;  metadiamido- 
benzene  (P.  Griess,  ibid.,  18,  127);  suli)hanihc  acid  in  combination  with  naph- 
thylamine  (P.  Griess,  ibid.,  18,  597) ;  rosaniline  (A.  Joriasen,  ibid.,  21,  210)  ; 
paramidobenzene-azodimethylanUine  (Meldola,  Ber.  deutsch.  chem.  Ges.,  17,  256, 
and  Zeit.  anal.  Chem.,  24,  98). 
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3.  Chlorous  Acid,  CIO3  [01,0^]. 

Chlorous  acid  is  a  yellowish-green  gas  of  a  peculiar  and  very  disagreeable 
odour,  winch  explodes  at  57°,  beiug  resolved  into  chlorine  and  oxygen.  It  ia 
soluble  in  water,  and  the  solution  is  intensely  yellow,  even  when  very  dilute. 
Most  of  the  chlorites  are  soluble  in  water;  the  solutions  are  readily  decom- 
posed, chlorides  and  chlorates  being  formed.  Witrate  of  silver  gives  a 
white  precipitate  of  chlorite  of  silver,  which  is  soluble  in  much  water.  A 
solution  of  permanganate  of  potassa  is  immediately  decomposed  by  free 
chlorous  acid,  a  brown  precipitate  separating  after  some  time.  Tincture  of 
litmus  and  solution  of  indigo  are  instantly  decolorized,  even  if  mixed  with 
arsenious  acid  in  excess.  If  a  slightly  acidified  dilute  solution  of  a  ferrous 
salt  is  mixed  with  a  dilute  solution  of  chlorous  acid,  the  hquid  transiently 
acquires  an  amethyst  tint,  and  does  not  assume  the  yellowish  colour  of  salts 
of  sesquioxide  of  iron  until  the  lapse  of  a  few  seconds  (Lenssen). 

4.  Hypophosphorous  Acid,  PO  [PP]. 

The  concentrated  solution  of  hypophosphorons  acid  is  of  syrupy  consis- 
tence, and  resembles  that  of  phosphorous  acid  (see  §  148),  with  which  it  also 
has  this  in  common,  that  when  it  is  heated  without  access  of  air  it  is  resolved 
into  hydrate  of  phosphoric  acid  and  non-spontaneously  inflammable  phos- 
phuretted  hydrogen  gas.  Almost  all  hypophosphites  are  soluble  in  water ; 
all  are  resolved  by  ignition  into  the  corresponding  phosphate,  and  phos- 
phuretted  hydrogen,  which  in  most  cases  is  spontaneously  inflammable ;  the 
latter  is  partly  resolved  into  phosphorus  and  hydrogen.  Chloride  of 
barium,  chloride  of  calcium,  and  acetate  of  lead-  give  no  precipitate 
with  solutions  of  hypophosphites  (difference  from  phosphorous  acid). 
Nitrate  of  silver  with  hypophosphites  gives  a  lorecipitate  of  hypophosphite 
of  silver,  which  is  white  at  first,  but  turns  black  even  at  the  ordinary 
temperature,  and  still  more  rapidly  on  heating,  metallic  silver  being 
separated.  With  chloride  of  mercury  in  excess,  hypophosphorous  acid 
precipitates  mercurous  chloride  slowly  in  the  cold,  more  rapidly  on  heating. 
With  zinc  and  dilute  sulphuric  acid,  hypophosphorous  acid  gives 
hydrogen  mixed  with  phosphmetted  hydrogen.  (Compare  §  148,  Phos- 
phorous Acid). 

Third  Group  of  Inorganic  Acids. 

Acids  which  are  not  precipitated  either  by  Salts  of  Baryta  or  by 
Salts  of  Silver  :  Nitric  Acid,  Chloric  Acid  [Perchloric  Acid). 

§  159. 

a.  Nitric  Acid,  NO,  [N,oj. 

1.  Anhydrous  nitric  acid  crystallizes  in  six-sided  prisms.  It 
fuses  at  29*5°,  and  boils  at  about  45°  (Deville).  The  pure  hydrate 
is  a  colourless  (if  it  contains  hyponitric  acid  it  is  red)  exceedingly 
corrosive  fluid  of  sp.  gr.  1*522,  which  boils  at  86°,  and  emits  fumes  in 
the  air;  it  quickly  destroys  organic  substances,  and  colours  many 
nitrogenous  matters  intensely  yellow. 

2.  All  the  neutral  salts  of  nitric  acid  are  soluble  in  water;  some 
only  of  the  basic  nitrates  are  insoluble.  All  nitrates  are  decomposed  at 
bright  red  heat.  Those  -with  alkaline  bases  yield  oxygen  at  first,  and 
are  converted  into  nitrites;  afterwards  they  give  off  oxj^gen  and 
nitrogen.  Those  with  other  bases  yield  oxygen  and  nitrous  or  hypo- 
nitric  acid ;  many  (containing  water)  give  off  hydrated  nitric  acids. 
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3  If  a  nitrate  is  thrown  on  to  red-hot  charcoal,  or  if  charcoal  or 
some' organic  substance- paper,  for  instance-is  brought  into  contact 
with  a  melted  nitrate,  deflagration  takes  place  that  is  the  charcoal 
burns  at  the  expense  of  the  oxygen  of  the  mtric  acid,  with  vivid 

scintiUation^^^^^^^  is  mixed  xvith  cyanide  of  potassium  in  powder  and 
a  small  quantity  of  the  mixture  heated  on  platinum  foil,  a  vivid 
deflagration  ensues,  attended  with  distinct  ignition  and  detonation. 
Even  very  minute  quantities  of  nitrates  may  be  detected  m  this  way.  . 

5  If  a  nitrate  is  mixed  with  copper  filings,  and  the  mixtvire 
heated  in  a  test-tube  with  concentrated  sulphuric  acid,  the  air  m  the 
tube  acquires  a  yellowish-red  tint,  owing  to  the  nitric  oxide,  which  is 
formed  on  the  oxidation  of  the  copper  by  the  nitric  acid,  combining 
with  the  oxygen  of  the  air  to  hyponitric  acid.  The  coloration  may  be 
observed  most  distinctly  by  looking  lengthways  through  the  tube. 

6.  If  a  solution  of  a  nitrate  is  mixed  with  an  equal  volume  oi  con- 
centrated sulphuric  acid,  free  from  nitric  and  hyponitric  acids,  the 
mixture  allowed  to  cool,  and  a  concentrated  solution  of  ferrous  sul- 
phate cautiously  added  to  it  so  that  the  liquids  do  not  mix,  the  surface 
of  contact  of  the  two  solutions  shows  at  .first  a  purple,  afterwards  a 
brown  colour,  or,  in  cases  where  only  a  very  minute  quantity  of  mtric 
acid  is  present,  a  reddish  colour.  On  mixing  the  liquids  a  little,  the 
brown  zone  becomes  darker.  In  this  process,  the  nitric  acid  is  decom- 
posed by  the  protoxide  of  iron,  three-fifths  of  its  oxygen  combining  with 
the  protoxide  to  form  sesquioxide,  whilst  the  nitric  oxide  produced 
combines  with  the  remaining  undecomposed  ferrous  salt,  and  forms 
with  it  a  peculiar  compound,  which  dissolves  in  water  with  a  brownish- 
black  colour.  The  presence  of  large  quantities  of  chlorides  considerably 
diminishes  the  dehcacy  of  this  reaction.  A  similar  reaction  is  observed 
in  presence  of  selenious  acid  ;  biit  on  mixing  the  Hquids  and  allowing  it 
to  stand,  red  seleniiim  separates  (Wittstock). 

7.  If  some  hydrochloric  acid  is  boiled  in  a  test-tube,  1  or  2  drops 
of  very  dilute  solution  of  sulphate  of  indigo  added,  and  the  mix- 
ture boiled  again,  the  fluid  remains  blue  {provided  the  hydrochloric 
acid  is  free  from  chlorine).  If  a  nitrate,  solid  or  in  solution,  is  now 
added  to  the  light-blue  liquid,  and  the  mixture  heated  again  to^  boiHng, 
the  colour  disappears  owing  to  the  decomposition  of  the  indigo  blue. 
This  is  a  most  delicate  reaction,  and  the  addition  of  chloride  of  sodium 
renders  it  even  more  sensitive.  It  must  be  borne  in  mind,  however, 
that  several  other  substances  also  cause  decoloration  of  solution  of 
indigo — free  chlorine  especially. 

8.  If  a  little  brucine  is  dissolved  in  pure  concentrated  sulphuric 
acid,*  and  a  small  quantity  of  a  hquid  containing  nitric  acid  added  to 
the  solution,  the  latter  immediately  acquires  a  magnificent  red  colour 
at  the  point  where  the  two  solutions  mix;  this  reaction  is  extra- 
ordinarily dehcate.  The  colour  soon  passes  into  reddish-yellow.  Chloric 
acid  gives  the  same  reaction. 

9.  One  part  of  phenol  (carboHc  acid)  is  dissolved  in  4  parts  of 

*  The  ordinary  pure  concentrated  sulphuric  acid  of  commerce  usually  gives  a 
rose  colour  with  brucine,  due  to  the  presence  in  it  of  a  small  quantity  of  oxides  of 
nitrogen.  Such  acid  can,  however,  be  readily  piirified  by  diluting  it  with  water 
until  it  has  a  sp.  gr.  of  r4— best  in  a  platinum  dish— and  then  heating  it  to  boil- 
ing for  some  time. 
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strong  sulphuric  acid,  and  2  parts  of  water  added.  When  a  drop  or 
two  of  this  sokition  is  added  to  a  soHd  nitrate  (for  example,  the  residue 
obtained  by  evaporating  a  few  drojjs  of  well-water  containing  nitrates) 
a  reddish-brown  colour  is  produced,  from  the  formation  of  a  nitro-com- 
pound ;  on  adding  a  drop  or  two  of  strong  ammonia,  the  colour  turns  to 
yellow,  sometimes  passing  through  a  green  shade.  This  is  a  very 
deHcate  reaction  (H.  Sprengel).  This  test  may  also  be  made  by 
adding  1  or  2  drops  of  the  liquid  to  be  examined  to  some  pure  con- 
centrated sulphuric  acid,  and  then  introducing  a  crystal  of  phenol  and 
warming  a  little,  or  by  rendering  the  liquid  to  be  tested  strongly  acid 
with  hydrochloric  acid,  adding  some  phenol,  and  heating  to  about 
80°  or  90° ;  if  nitric  acid  is  present,  a  dark  coloration  always  appears 
which  is  usually  red  or  brown,  bvit  is  occasionally  green  (H.  Hager). 

10.  An  admirable  reagent  for  the  detection  of  nitric  acid  may  be 
prepared  by  pouring  pure  concentrated  sulphuric  acid  on  some  crystals 
of  diphenylamine,  adding  a  little  water,  and  mixing  the  solution  thus 
formed  with  more  concentrated  sulphuric  acid;  the  solution  should 
contain  about  1  milligram  of  diphenylamine  in  10  c.c.  About  O'O  c.c. 
of  the  solution  thus  prepared  is  placed  in  a  watch-glass  or  the  inverted 
lid  of  a  porcelain  crucible,  and  a  drop  of  the  hquid  to  be  examined  is 
then  allowed  to  fall  in  the  midst  of  the  reagent ;  if  nitric  acid  be  present, 
a  magnificent  blue  coloured  ring  will  be  formed  as  the  two  solutions 
mix  (  E.  Kopp ).  This  exceedingly  dehcate  test  may  also  be  applied  by 
adding  a  few  drops  of  a  solution  of  diphenylamine  sulphate  to  the  hquid 
to  be  tested,  and  then  adding  pure  concentrated  sulphuric  acid  so  that 
two  layers  are  formed.  The  blue  coloration  gradually  tvtvns  to  a  green, 
and  finally  disappears.  The  interpretation  of  this  reaction  requu-es 
caution,  as  nitrous  acid,  chloric  acid,  hypochlorous  acid,  bromic,  iodic, 
vanadic,  chromic,  permanganic,  and  molybdic  acids,  as  also  ferric  salts, 
hydrogen  peroxide,  and  barium  peroxide,  all  yield  blue  colorations 
(Laar). 

11.  On  adding  a  few  drops  of  a  solution  of  sulphate  of  paratoluidine 
to  a  solution  containing  a  nitrate,  and  then  an  equal  volume  of  con- 
centrated sulphuric  acid,  taking  care  that  the  two  do  not  mix,  a  red 
zone  is  formed  at  the  surface  of  contact,  gradually  changing  to  dark 
yellow.*  This  is  not  so  dehcate  as  the  brucine  or  diphenylamine  re- 
action, but  is  useful  for  the  detection  of  nitric  acid  in  the  presence  of 
small  quantities  of  nitrous  acid,  as  the  latter  at  first  exhibits  a  yellowish 
or  brownish-yellow  coloration,  which  does  not  turn  red  until  after  some 
time  (Longi).  Chloric  acid  and  other  oxidizing  compounds  produce  a 
similar  coloration. 

12.  Very  minute  quantities  of  nitric  acid  may  be  detected  by 
reducing  the  nitric  acid  first  to  nitrous  acid.  This  may  be  efiected  either 
in  the  moist  or  in  the  dry  way ;  in  the  former,  by  heating  the  solution 
containing  the  nitric  acid  or  the  nitrate  for  some  time  with,  finely- 
divided  zinc,  best  with  zinc  amalgam,  and  then  filtering  (Schonbein); 
in  the  dry  way,  by  fusing  the  substance  with  carbonate  of  soda  at  a 
moderate  heat,  extracting  the  mass,  when  cold,  with  water,  and  filtering. 
On  adding  either  of  the  filtrates  to  a  solution  of  iodide  of  potassium 

*  Aniline  oil,  containing  a  mixture  of  aniline  and  paratoluidine,  may  also  be 
used  in  this  reaction  instead  of  the  paratoluidine.  C.  D.  Br  aim  recommended 
this  method  in  1867  (Zeit.  anal.  Chem.,  6,  72).  The  details,  however,  differ  some- 
what from  those  given  by  Longi. 
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mixed  with  starch  paste  and  dihite  sulphuric  acid,  the  fluid  acquires  a 
blue  colour  from  the  iodide  of  starch  formed  (comp.  §  158,  1). 

13.  If  a  nitrate  is  mixed  with  caustic  potash  solution,  some 
aluminium  or  zinc  and  iron  filings  added,  and  the  whole  gently 
warmed,  ammonia  is  evolved,  and  may  easily  be  detected  by  the 
methods  given  in  §  91i  3. 

§  160. 

6.  Chloric  Acid,  CIO,  [CLAl- 

1.  Chloric  acid,  in  its  most  highly  concentrated  solution,  is  a 
colourless  or  slightly  yellowish  oily  fluid,  with  a  feeble  odour,  resembling 
that  of  nitric  acid.  It  first  reddens  litmus,  then  bleaches  it.  Dilute 
chloric  acid  is  colourless  and  inodorous. 

2.  All  chlorates  are  soluble  in  water.  When  heated  to  redness, 
the  whole  of  their  oxygen  escapes  and  metallic  chlorides  remain  ;  or 
else  the  chlorine  and  oxygen  of  the  chloric  acid  are  evolved  and  an 
oxide  remains  (chlorates  of  the  earths). 

3.  When  heated  with  charcoal  or  an  organic  substance,  the  chlo- 
rates deflagrate,  and  this  with  far  greater  violence  than  the  nitrates. 

4.  If  a  mixture  of  a  chlorate  with  cyanide  of  potassium  is  heated 
on  platinum  foil,  deflagration  takes  place,  attended  with  strong 
detonation  and  ignition,  even  though  the  chlorate  be  present  only  in 
very  small  quantity.  This  experiment  should  be  made  with  minute 
quantities  only. 

5.  If  the  solution  of  a  chlorate  is  coloured  light  blue  with  solution 
of  indigo,  a  little  dilute  sulphuric  acid  added,  and  a  small  quantity  of 
aqueous  sulphurous  acid  or  a  solution  of  sulphite  of  soda  dropped 
cautiously  into  the  blue  fluid,  the  colour  of  the  indigo  disappears  imme- 
diately. The  cause  of  this  equally  characteristic  and  delicate  reaction 
is,  that  the  sulphurous  acid  deprives  the  chloric  acid  of  its  oxygen, 
setting  free  chlorine  or  a  lower  oxide  of  it,  which  then  decolorizes  the 
indigo.  An  excess  of  sulphurous  acid  must  be  avoided,  or  sulphuric 
and  hydrochloric  acids  would  be  formed. 

6.  If  chlorates  are  heated  with  moderately  dilute  hydrochloric 
acid,  the  two  acids  mutually  decompose  one  another,  forming  water, 
chlorine,  and  hypochloric  acid,  ClO^  [ClOJ.  The  test-tube  in  which  the 
experiment  is  made  becomes  filled  with  a  greenish-yellow  gas  of  a  very 
disagreeable  odour,  resembling  that  of  chlorine,  and  the  hydrochloric 
acid  acquires  a  greenish-yellow  colour.  If  the  hydrochloric  acid  is 
coloured  blue  with  indigo  solution,  the  presence  of  very  minute  quan- 
tities of  chlorates  will  suffice  to  destroy  the  indigo  colovir  at  once. 

7.  If  a  httle  chlorate  is  added  to  a  few  drops  of  concentrated  sul- 
phuric acid  in  a  watch-glass,  chloric  acid  is  at  first  set  free,  but  is  at  once 
decomposed  into  hydrate  of  perchloric  acid,  hypochloric  acid,  and  water, 

6(H0,C10J  =  2(H0,C10,)  +  4C10,  +  4H0 
[6HC103=2HCIO,  +  4C10,  +  2H,0]. 

The  hypochloric  acid  imparts  an  intensely  yellow  tint  to  the  sulphui'ic 
acid,  and  may  also  be  recognized  by  its  characteristic,  unpleasant  odour. 
The  application  of  heat  must  be  avoided  in  this  experiment,  and  the 
quantities  operated  with  should  be  very  small,  or  the  decomposition 
may  take  place  with  such  violence  as  to  cause  an  explosion,  as  the 
greenish-yellow  gaseous  hypochloric  acid  decomposes  at  60°. 
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8.  Chloric  acid  behaves  like  nitric  acid  with  brucine  (Luck)^ 
diphenylamine,  paratoluidine,  and  phenol,  dissolved  in  concen- 
trated sulphuric  acid,  or  at  all  events  the  reactions  are  so  similar  that 
the  two  acids  cannot  be  distinguished  with  certainty  by  these  reagents. 
Chloric  acid  may,  however,  be  distinguished  from  nitric  acid  by  its  action 
on  phenol  in  hydrochloric  acid  solution  (comp,  §  159,  9),  inasmuch  as 
the  chloric  acid  produces  an  orange-red  turbidity. 

9.  If  a  thlute  solution  of  an  alkaline  chlorate  is  boiled  with  a  copper- 
zinc  couple,*  it  is  completely  reduced  to  chloride  with  sepai-ation  of 
oxide  of  zinc  (Thorpe  and  Eccles).  If  a  solution  of  a  chlorate  be 
acidified  with  dilute  sulphuric  acid,  and  zinc  added,  the  liberated  chloric 
acid  is  reduced  to  hydrochloric  acid  by  the  nascent  hydrogen. 

§  161. 

Recapitulation  and  Remarks. 

Of  the  reactions  given  for  the  detection  of  nitric  acid,  those  with 
ferrous  sulphate  and  sulphuric  acid,  with  copper  filings  and  sulphuric 
acid,  and  also  those  based  upon  the  reduction  to  nitrites  or  ammonia, 
give  the  surest  results ;  with  regard  to  deflagration  with  charcoal, 
detonation  with  cyanide  of  potassium,  decolorization  of  solution  of  indigo, 
and  the  deHcate  reaction  with  bnicine,  diphenylamine,  and  paratoluidine, 
we  have  seen  that  these  reactions  take  place  with  both  chlorates  and 
nitrates,  so  that  they  are  decisive  only  when  no  chloric  acid  is  present. 
The  presence  of  free  nitric  acid  in  a  liquid  may  be  detected  by  evapo- 
rating to  dryness  in  a  porcelain  dish  on  the  water-bath,  having  first 
thrown  in  a  few  quill-cuttings  ;  yellow  coloration  of  these  indicates  the 
presence  of  nitric  acid  (Runge).  The  best  way  to  ascertain  whether 
chloric  acid  is  present  or  not  (in  the  absence  of  other  oxygen  compounds 
of  chlorine)  is  to  ignite  the  substance,  with  addition  of  carbonate  of 
soda,  dissolve  the  mass,  and  test  the  solution  with  nitrate  of  silver.  If 
a  chlorate  is  present,  this  is  converted  into  a  chloride  by  ignition,  and 
nitrate  of  silver  will  then  produce  a  precipitate  of  chloride  of  silver ; 
this  process,  however,  is  not  so  simple  if  a  chloride  is  present  with  the 
chlorate.  In  presence  of  a  chloride,  the  chlorine  must  be  removed  fii-st 
by  adding  nitrate  of  silver  to  the  solution  as  long  as  a  precipitate 
continues  to  form,  and  filtering ;  pure  carbonate  of  soda  is  then  added 
to  the  filtrate,  and  the  mixture  evaporated  and  ignited.  It  is,  how- 
ever, generally  unnecessary  to  adopt  this  circuitous  method,  as  the 
reactions  with  concentrated  sulphuric  acid,  and  with  indigo  and  sul- 
phurous acid,  are  sufficiently  marked  and  characteristic  to  afford  posi- 
tive proof  of  the  presence  of  chloric  acid,  even  in  presence  of  nitrates. 
The  best  way  of  detecting  nitric  acid  in  presence  of  a  large  proportion 
of  chloric  acid  is  to  mix  the  substance  with  carbonate  of  soda  in  excess,, 
evaporate,  ignite  the  residue  gently,  but  sufficiently  long  to  convert  the 
chlorate  into  chloride,  and  then  test  the  residue  for  nitric  acid,  or  for 
nitrous  acid.  To  detect  niti-ic  acid  in  the  presence  of  nitrous  acid,  pure 
tn^ea  is  added  to  the  aqueous  sokTtion,  and  this  is  then  gradually  poured 
into  a  solution  of  urea  in  dilute  sulphiu-ic  acid ;  the  nitrous  acid  is  at 

*  Gladstone  and  Tribe's  copper-zinc  couple  is  prepared  by  treating  tliin  zinc 
foil  with  a  1  per  cent,  solution  of  sulphate  of  copper  until  the  zinc  is  covered 
with  a  black  deposit  of  reduced  copper.  When  washed  and  diied,  it  is  ready  for 
use. 
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once  decomposed,  with  evokition  of  nitrogen  and  carbonic  acid.  If 
iodide  of  potassium  and  starch  paste  are  added  to  the  sokition  when  the 
reaction  is  over,  it  remains  colourless ;  but  on  introducing  a  fragment 
of  zinc,  a  blue  coloration  (§  159,  12)  will  be  produced  if  nitric  acid  bo 
present  (Piccini).* 

§  162. 

Perchloric  Acid  (CIO7). 

Anhydrous  perchloric  acid  is  unknown,  but  the  hydrate,  HO.ClOy 
[HCIOJ,  is  a  colourless,  caustic  fluid,  which  fumes  strongly  in  the  air,  and 
decomposes  and  explodes  with  great  violence  when  kept  for  some  time,  or 
when  dropped  on  wood-charcoal,  wood,  or  paper.  The  compound  with 
2  equiv.  of  water,  HO.ClOy+SHO  [HCIO^.H.O],  crystallizes  in  needles. 
Both  the  hydrate  and  the  crystals  dissolve  in  water  with  great  development 
of  heat.  On  distilling  the  dilute  solution,  water  passes  over  first,  then 
dilute  acid,  and  finally  concentrated  acid.  All  perch lorates_  are  soluble  in 
water,  most  of  them  freely;  they  are  all  decomposed  by  ignition,  those  with 
alkaline  bases  leaving  chlorides  behind,  with  disengagement  of  oxygen. 
Salts  of  potassa  produce,  in  not  too  dilute  solutions,  a  white  crystalline 
precipitate  of  perchlorate  of  potassa,  K0,C107  [KCIOJ,  sparingly  soluble  in 
water,  insoluble  in  spirit  of  wine.  Baryta  salts  and  silver  salts  are  not 
precipitated.  Concentrated  sulphuric  acid  does  not  decompose  perchloric 
acid  in  the  cold,  and  only  with  difficulty  on  heating  (difference  from  chloric 
acid).  Hydrochloric  acid,  nitric  acid,  and  sulphurous  acid  do  not  decompose 
aqueous  solutions  of  perchloric  acid  or  perchlorates ;  solution  of  indigo,  there- 
fore, previously  added  to  it,  is  not  decolorized  (difference  from  all  other  acids 
of  chlorine).  The  alkaline  perchlorates  are  not  reduced  by  the  copper-zinc 
couple  (distinction  from  chloric  acid,  §  160,  9). 


II.   ORGANIC  ACIDS. 

First  Group. 

The  ]iydrates  of  the  acids  of  the  first  group  are  decomposed  en- 
tirely or  partially  by  ignition.f  The  acids  are  decomposed  by 
boiling  with  concentrated  nitric  acid.J  Their  lime  salts  are  in- 
soluble or  sparingly  soluble  in  water.  The  solutions  of  their  neu- 
tral alkali  salts  are  not  precipitated  by  ferric  chloride  :  Oxalic 
Acid,  Tartaric  Acid  {Eacemic  Acid),  Citric  Acid,  Malic  Acid. 

§  163. 

a.  Oxalic  Acid,  Cp^  [0,03]  =  O. 

The  reactions  of  this  acid  have  been  akeady  given  §  145. 

h.  Tartaric  Acid,  2HO,C3HPj„  [HAH.o,]. 

1.  The  hydrate  of  tartaric  acid  forms  colourless  crystals  of 
an  agreeable  acid  flavour,  which  are  persistent  in  the  air,  and  soluble 

*  For  the  detection  of  nitric  acid  in  the  presence  of  nitrous  acid,  see  also  Longi 
(Zeit.  anal.  Chem.,  23,  352) ;  for  the  detection  of  nitric  acid  in  solutions  containing 
metallic  iodides  and  bromides,  chlorates,  bromates,  and  iodates,  see  Longi  {ibid., 
23,  149) ;  and  for  the  detection  of  chloric  acid  in  presence  of  hydrochloric,  hydro- 
bromic,  hydriodic,  hydrocyanic,  hydroferrocyanic  and  hydroferricyanic  acid,  as  well 
as  bromic  and  iodic  acids,  see  Longi  {ibid.,  23,  70). 

+  Hydrate  of  oxalic  acid,  when  cautiously  lieated,  partially  sublimes  unaltered. 

+  The  decomposition  of  oxalic  acid  by  boiling  nitric  acid  into  carbonic  acid  and 
•water  is  but  slow. 


236 


TAETARIC  ACID. 


[§  163. 


in  water  and  in  spirit  of  wine,  it  is,  however,  but  little  soluble  in 
ether  (100  :  0-4  according  to  E.  Bourgoin).  When  heated  at  100°, 
tartaric  acid  loses  no  water;  at  170°  it  melts,  and  at  a  higher  tempera- 
ture it  becomes  carbonized,  emitting  a  very  pecuHar  and  highly  charac- 
teristic odoui",  resembling  that  of  burnt  sugar.  Aqueous  solutions  of 
tartaric  acid,  as  also  those  of  almost  all  tartrates,  turn  the  plane  of 
polarization  of  light  towards  the  right.  There  is  also  another  tartaric 
acid — Itevotartaric  acid — which  is  lievorotary,  and  differs  also  from 
ordinary  tartaric  acid  in  its  crystalline  form.  Their  reactions,  how- 
ever, are  identical. 

2.  The  tartrates  with  alkaline  base  are  soluble  in  water;  also 
some  others,  as  tartrate  of  alumina  and  ferric  tartrate.  When  evapo- 
rated on  the  water-bath  to  a  syrupy  consistence,  the  solution  of  ferric 
tartrate  deposits  a  pulverulent  basic  salt.  Those  tartrates  which 
are  insoluble  in  water  dissolve  in  hydrochloric  or  nitric  acid.  Many 
tartrates  which  are  insoluble  or  only  sparingly  soluble  in  water  form 
readily  soluble  double  salts  with  the  tartrates  of  the  alkaUes.  The 
tartrates  are  decomposed  when  heated  to  redness,  charcoal  being 
separated,  and  the  same  pecuhar  odour  being  emitted  as  when  free 
tartaric  acid  is  carbonized. 

3.  If  to  a  solution  of  tartaric  acid,  or  to  that  of  an  alkaline  tartrate, 
solution  of  ferric  oxide  or  alumina  be  added  in  not  too  large  pro- 
portion, and  then  ammonia  or  potassa,  there  will  be  no  precipitation  of 
the  ferric  oxide  or  alumina,  since  the  double  tartrates  formed  are  not 
decomposed  by  alkalies.  Tartaric  acid  (also  citiic  acid,  malic  acid,  &c.) 
likewise  prevents  the  precipitation  of  many  other  oxides  by  alkalies. 

4.  With  salts  of  potassa,  more  particularly  the  acetate,  free 
tartaric  acid  yields  a  sparingly  soluble  precipitate  of  bitartrate  of 
potassa.  A  similar  precipitate  is  formed  when  acetate  of  potassa  and 
free  acetic  acid  are  added  to  a  solution  of  a  neutral  tartrate.  The 
acid  tartrate  of  potassa  dissolves  readily  in  alkahes  and  mineral  acids, 
but  tartaric  acid  and  acetic  acid  do  not  increase  its  solubility  in  water. 
The  separation  of  the  bitartrate  of  potassa  is  greatly  promoted  by 
shaking,  or  by  rubbing  the  sides  of  the  vessel  with  a  glass  rod;  the 
delicacy  of  the  reaction  is  increased  by  concentrating  the  solution  of 
the  tartaric  acid;  the  addition  of  an  equal  volume  of  alcohol  also 
increases  the  delicacy  of  the  reaction.  In  the  presence  of  boric  acid, 
fluoride  of  potassium  must  be  used  instead  of  acetate  of  potassa ;  this 
forms  borofluoride  of  potassium,  and  prevents  the  production  of  the 
soluble  compound  of  boric  acid,  tartaric  acid,  and  potassa  (Barfoed). 

5.  Chloride  of  calcium  added  in  excess  *  throws  down  from  solu- 
tions of  neutral  tartrates  a  white  precipitate  of  tartrate  of  lime, 
2CaO,C3HPi„  +  8aq  [CaC,H,0„,4H,0].  The  presence  of  ammoniacal 
salts  retards  the  formation  of  this  precipitate  for  a  more  or  less  con- 
siderable space  of  time.  Agitation  or  rubbing  the  sides  of  the  vessel 
promotes  the  separation  of  the  precipitate ;  this  is  crystalline,  or  at  aU 
events  becomes  so  after  some  time.  It  is  soluble  in  a  cold  not  very 
dilute  solution  of  potassa  or  soda,  pretty  free  from  cai-bonic  acid,  form- 
ing a  clear  liquid.    When  this  solution  is  boiled,  the  dissolved  tartrate 

*  Tartrate  of  potassa  or  soda  dissolves  tartrate  of  lime  (as  well  as  certain  other 
salts  insoluble  in  water,  such  as  phosphate  of  lime,  sulphate  of  baryta  &c.). 
Hence  enough  of  the  reagent  must  be  added  to  completely  decompose  the  alkalme 
tartrate. 
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of  lime  separates  again  in  the  form  of  a  gelatinous  precipitate,  which 
reclissolves  on  cooling. 

6.  Lime  water  added  in  excess  *  to  solutions  of  neutral  tartrates — 
and  also  if  added  to  a  solution  of  free  tartaric  acid  until  the  reaction  is 
alkaline — produces  a  white  precipitate  which  is  flocculent  at  first,  but 
afterwards  becomes  crystalline.  So  long  as  this  precipitate  remains 
flocculent,  it  is  readily  dissolved  by  tartaric  acid  as  well  as  by  solution 
of  chloride  of  ammonium  •  but  the  tartrate  of  lime  separates  again  from 
this  solution  after  the  lapse  of  several  hours,  and  is  deposited  in  the 
form  of  small  crystals  upon  the  sides  of  the  vessel, 

7.  Solution  of  sulphate  of  lime  produces  no  precipitate  when 
added  in  excess  *  to  a  solution  of  tartaric  acid ;  in  solutions  of  neutral 
tartrates  of  the  alkaUes,  it  produces  a  trifling  precipitate  after  the  lapse 
of  some  time. 

8.  If  a  solution  of  ammonia  is  poured  on  to  even  a  very  minute 
quantity  of  tartrate  of  lime,  a  small  fragment  of  crystallized  nitrate  of 
silver  added,  and  the  mixture  slowly  and  gradually  heated,  the  sides  of 
the  test-tube  become  covered  with  a  bright  coating  of  metallic  silver. 
If,  instead  of  a  crystal,  solution  of  nitrate  of  silver  be  used,  or  if  the 
heat  be  applied  too  rapidly,  the  reduced  silver  will  separate  in  a  pul- 
verulent form  (A.  Casselmann). 

9.  Acetate  of  lead  produces  a  white  precipitate  in  solutions  of 
tartaric  acid  or  its  salts.  The  washed  precipitate,  2PbO,CgHPjg 
[PbC^H^OJ,  dissolves  readily  in  nitric  acid,  and  in  ammonia  free  from 
carbonic  acid. 

10.  Nitrate  of  silver  does  not  precipitate  free  tartaric  acid;  but 
in  solutions  of  neutral  tartrates  it  produces  a  white  precipitate  of  tar- 
trate of  silver,  2AgO,G^lIfi^^  [AgaC^H^OJ  ;  this  dissolves  readily  in 
nitric  acid,  and  in  ammonia ;  on  boiling  the  solution,  it  turns  black, 
owing  to  reduction  of  the  silver. 

11.  If  some  ferrous  chloride  or  sulphate  be  added  to  a  solution 
containing  free  tartaric  acid  or  the  tartrate  of  an  alkali,  then  one  or 
two  drops  of  peroxide  of  hydrogen,  and  lastly  excess  of  caustic  potash 
or  soda,  a  beautiful  violet  colour  will  be  produced  (distinction  from 
citric  acid  and  other  organic  acids).  Other  oxidizing  agents — such  as 
chlorine  water,  hypochlorite  of  soda,  acidified  solution  of  permangan- 
ate of  potassa — may  be  used  instead  of  peroxide  of  hydrogen,  but  care 
must  be  taken  not  to  use  an  excess  (Fenton). 

12.  On  heating  hydrated  tartaric  acid  or  a  tartrate  with  concen- 
trated sulphuric  acid,  the  latter  acquires  a  brown  colour  almost 
simultaneously  with  the  evolution  of  gas. 

13.  If  a  saturated  solution  of  dichromate  of  potassa  is  poured 
on  to  a  crystal  of  tartaric  acid  at  the  ordinary  temperature,  carbonic 
acid  is  evolved,  and  coloured  zones  varying  from  purple-violet  to  black 
form  round  the  crystal.  This  aflfords  a  means  of  detecting  crystals  of 
tartaric  acid  when  mixed  with  citric  acid,  as  the  latter  only  slowly  gives 
a  cofi'ee-brown  colour  (Oailletet). 


*  See  note  p.  236. 
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c.  Citric  Acid,  3H0,C,,Hp^^  [H,C„H,o,]. 

1.  Crystallized  citric  acid,  which  separates  as  the  solution 
cools,  has  the  formula  SIIOjCi^H.O^j  +  2aq  [H,C„HA.H,0].  It  forms 
transparent,  colourless,  inodorous  crystals  of  an  agreeable,  strongly  acid 
taste,  readily  soluble  in  water  and  in  spirit  of  wine,  less  so  in  ether 
(100  :  2-26),  and  efflorescing  slowly  in  the  air.  When  heated  at  130° 
the  crystallized  acid  loses  its  water  of  crystallization;  at  a  higher  tempera- 
ture it  melts,  and  then  carbonizes  Avith.  evolution  of  pungent  acid  fumes 
the  odour  of  which  maybe  readily  distinguished  from  that  emitted  when 
tartaric  acid  is  decomposed  by  heat.  The  aqueous  solution  of  citric  acid 
is  optically^  inactive.  If  citric  acid  is  heated  with  nitric  acid  diluted 
somewhat,  it  yields  oxalic  and  mesaconic  acids  and  nitro-derivatives. 

2.  The  citrates  with  alkahne  base,  whether  neutral  or  acid  salts 
are  readily  soluble  in  water ;  solution  of  citric  acid  therefore  gives  no 
precipitate  with  acetate  of  potassa.  The  compounds  of  citric  acid  with 
such  of  the  metallic  oxides  as  are  feeble  bases,  ferric  oxide,  for  instance 
are  also  freely  soluble  in  water;  when  evaporated  on  the  water-bath  to 
a  syrupy  consistence,  solution  of  ferric  citrate  does  not  yield  any  solid 
salt.  Citrates,  like  tartrates,  and  for  the  same  reason,  prevent  the  pre- 
cipitation of  sesquioxide  of  iron,  alumina,  &c.,  by  alkalies. 

3.  Chloride  of  calcium  gives  no  precipitate  in  a  solution  of  free 
citric  acid,  even  on  boiHng ;  but  on  saturating  with  potassa  or  soda  a 
somewhat  concentrated  solution  of  citric  acid  mixed  with  chloride  of 
calcium  in  slight  excess,*  a  precipitate  of  neutral  citrate  of  lime, 
3CaO,Cj„HPj_i  +  4aq  [Ca3(C„HA)...,4H,0],  is  formed  immediately;  this 
is  insoluble  in  potassa  or  soda,  easily  soluble  in  an  alkahne  citrate, 
somewhat  less  soluble  in  chloride  of  calcium.  Chloride  of  ammonium 
also  dissolves  it  freely;  unless  too  much  chloride  of  ammonium  is 
present,  this  solution,  when  boiled,  deposits  neutral  citrate  of  lime  of 
the  same  composition  in  the  form  of  a  white  crystalHne  precipitate ;  this, 
however,  is  no  longer  soluble  in  chloride  of  ammonium.  If  a  solution 
of  citric  acid  mixed  with  excess  of  chloride  of  calcium  is  satm-ated  with 
ammonia,  a  precipitate  will  form  in  the  cold  only  after  many  hours' 
standing  or  on  adding  its  own  volume  of  alcohol ;  but  on  boiling  the  clear 
solution,  neutral  citrate  of  lime  of  the  properties  just  stated  will  be  at 
once  precipitated.  On  heating  citrate  of  lime  with  ammonia  and  nitrate 
of  silver,  the  latter  is  not  reduced,  or  only  to  a  trifling  extent. 

4.  Lime  water  added  in  excess  *  i^roduces  no  precipitate  in  cold 
solutions  of  citric  acid  or  of  citrates ;  but  if  they  are  boiled  for  some 
time  with  a  tolerable  excess  of  hot  prepared  hme  water,  a  white  pre- 
cipitate of  citrate  of  lime  is  formed,  of  which  the  greater  portion 
redissolves  on  cooling. 

5.  Acetate  of  baryta,  added  in  excess  to  a  solution  of  an  alkaline 
citrate  whether  hot  or  cold,  produces  an  amorphous  precipitate  of  the 
formula  3BaO,C,,H,Ojj  +  7aq  [Ba3(C„H,0,),,7H,0].    Baryta  water  added 

*  Alkaline  citrates  dissolve  citrate  of  lime  and  also  many  compoimds  insoluble 
in  water  (phosphate  and  oxalate  of  lime,  &c.),  so  that  in  the  reactions  in  3  and  4 
depending  on  the  separation  of  citrate  of  lime,  sufficient  chloride  of  calcium  or 
lime  must  be  added  to  completely  decompose  all  the  alkaline  citrate  present. 
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in  excess  to  citric  acid  produces  the  same  precipitate.  The  precipitate 
does  not  make  its  appearance  in  dikxte  solutions,  because  it  is  not 
insokible  in  water;  if  such  solutions  are  heated,  however,  a  precipitate 
separates  which  is  amorphous  at  first  but  soon  turns  to  microscopic 
needles  of  the  formula  3BaO,0„H,0„  +  5aq  [Ba3(C,H,0,),,5H,0].  On 
heating  this  or  the  amorphous  salt  with  excess  of  acetate  of  baryta  for 
two  hours  on  the  water-bath,  another  very  characteristic  salt  is  formed ; 
this  consists  of  well-formed  clinorhombic  prisms,  of  the  formula 
2(3BaO,C,„H.O„)  +  7aq  [2Ba3(C„H,0,),,7H,0].  If  the  solution  is  veiy 
dilute,  the 'salt  does  not  form  until  the  liquid  has  been  concentrated  by 
evaporation.  This  is  an  infallible  reaction  for  citric  acid  (H.  Kiim- 
merer). 

6.  Acetate  of  lead  added  in  excess  to  a  solution  of  citric  acid  pro- 
duces a  white,  amorphous  precipitate  of  citrate  of  lead,  which  after 
being  washed  is  readily  soluble  in  ammonia  free  from  carbonic  acid. 
By  digestion  for  several  hours  with  water  or  acetic  acid  on  a  water- 
bath,  the  precipitate  becomes  crystalline,  and  then  has  the  formula 
3PbO,Cj„HPjj  +  3aq  [Pb3(C,HA)-2,3H,0].  The  microscope  does  not 
reveal  the  presence  of  well-formed  crystals. 

7.  Nitrate  of  silver  added  to  solutions  of  neutral  citrates  of  the 
alkalies  produces  a  white,  flocculent  precipitate  of  citrate  of  silver, 
3AgO,CjjH.Ojj  [AgaCjHsO,].  On  boiling  a  rather  large  quantity  of  this 
precipitate  with  a  little  water,  a  gradual  decomposition  sets  in  with 
separation  of  silver. 

8.  If  citric  acid  or  citrates  are  heated  with  concentrated  sulphuric 
acid,  carbonic  oxide  escapes  at  first,  then  carbonic  acid  and  acetone  with- 
out any  blackening  of  the  sulphuric  acid ;  after  boiling  for  some  time, 
however,  the  solution  becomes  dark,  and  sulphurous  acid  is  evolved. 

9.  If  citric  acid  (say  O'Ol  gram)  is  sealed  up  in  a  strong  glass  tube 
■with  excess  of  ammonia  (3  c.c.)  so  that  there  is  comparatively  little 
free  space  above  the  liquid,  and  then  heated  at  110°  to  120°  for  six 
hours,  the  product  acquires  an  intense  blue  or  green  colour  when  it  is 
poured  out  into  a  porcelain  dish  and  exposed  to  the  air.  This  dis- 
tinguishes it  from  oxalic,  tartaric,  and  malic  acids,  and  aflJbrds  a  means 
of  detecting  small  quantities  of  citric  acid  in  presence  of  these  acids 
{Sarandinaki,  Sabanin,  and  Laskowsky). 

§  165. 

cl.  Malic  Acid,  'mo.GJIfi,  [H,c,ha]- 

1.  Hydrate  of  malic  acid  crystallizes  with  difliculty,  forming 
crusts  or  tufts  of  needles,  which  deliquesce  in  the  aii',  and  are  readily 
soluble  in  water  and  in  alcohol.  The  dilute  aqueous  solution  of  ordinary 
malic  acid  turns  the  plane  of  polarization  to  the  right ;  there  is  also  a 
synthetically  prepared  acid  which  has  no  action  on  light,  and  another 
that  is  dextrorotary.  If  exposed  for  a  long  time  to  a  temperature  of 
140^  to  150°,  hydrated  malic  acid  is  slowly  converted,  with  loss  of 
water,  into  hydrated  fumaric  acid,  2IIO,C3H,Og  [HoC.,Hpj- 
heated  in  a  glass  tube  or  retoi-t  at  150°-200°,  malic  acid  is  resolved 
into  water,  and  anhydrous  maleic  acid,  CgHjOg  [C4H0O3],  which 
volatilize,  and  fumaric  acid,  which  remains.  The  anhydrous  maleic  acid 
partly  unites  with  the  water  forming  hydrate  of  maleic  acid, 
SHOjCgHjOg  [H^C^HjOj.    By  raising  the  temperature  to  above  200°, 
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the  f  umaric  acid  Is  also  volatilized,  in  pai-t  without  decomposition ;  the 
crystalline  sublimate  thus  formed  in  the  upper  part  of  the  tube  or  in 
the  neck  of  the  retoi-t  is  highly  characteristic  of  malic  acid.  On  heating 
malic  acid  with  nitric  acid,  it  readily  yields  oxalic  acid,  with  evolution 
of  carbonic  acid. 

2.  With  most  bases,  malic  acid  forms  salts  soluble  in  water;  as 
the  acid  malate  of  potassa  is  not  sparingly  soluble  in  water,  acetate  of 
potassa  gives  no  precipitate  with  solutions  of  malic  acid.  Mahc  acid, 
like  tartaric  acid,  prevents  the  precipitation  of  feii'ic  oxide,  &c.,  by 
alkalies. 

3.  If  diloride  of  calcium,  chloride  of  ammonium,  and  ammonia 
are  added  in  excess  to  a  solution  of  malic  acid  or  malate  of  an  alkali, 
the  solution  remains  clear ;  and  even  on  long  boiUng  no  precipitate 
is  formed  if  the  quantity  of  chloride  of  ammonium  present  is  not  too 
small  (distinction  from  citric  acid).  If,  however,  the  solution  is  mixed 
with  two  or  three  times  its  volume  of  spiiit  of  wine,  malate  of  lime, 
2CaO,C3H^03+  6aq  [CaC,H,0„3H,0],  separates  in  white  flocks.  If  the 
liquid  is  previously  heated  nearly  to  boiling,  and  hot  alcohol  is  added 
just  sufficient  for  precipitation,  the  precipitate  is  deposited  in  the  form 
of  soft  lumps  adhering  to  the  sides  of  the  vessel ;  on  cooling,  these 
harden  and  crumble  by  pressure  to  a  crystalline  powder  (Barfoed). 
When  heated  with  ammonia  and  nitrate  of  silver,  malate  of  lime 
causes  no  separation  of  silver  or  hardly  any.  Malate  of  lime  is  soluble 
in  boiling  Hme  water  (distinction  and  means  of  separation  from  citrate 
of  Ume,  Fleischer). 

4.  Lime  water  produces  no  precipitate  either  in  solutions  of  free 
malic  acid  or  in  solutions  of  malates ;  the  solution  remains  perfectly 
clear  even  on  boiling,  provided  the  lime  water  was  prepared  with 
boiling  water. 

5.  Acetate  of  lead  added  to  a  solution  of  malic  acid  or  of  a  malate 
throws  down  a  white  precipitate  of  malate  of  lead, 

2PbO,C3Hp3  +  6aq  [PbC.H  A.3H.O]. 
The  precipitation  is  most  complete  if  the  solution  is  neutralized  by 
ammonia,  as  the  precipitate  is  sHghtly  soluble  in  free  malic  acid  and 
acetic  acid,  and  also  in  ammonia.  If  the  liquid  in  which  the  precipitate 
is  suspended  is  heated  to  boiling,  a  portion  of  the  precipitate  dissolves, 
and  the  remainder  fuses  to  a  mass  resembling  resin  melted  under  water ; 
the  hot  solution  as  it  cools  deposits  the  salt  in  plates  or  needles.  To 
obtain  this  reaction  with  small  quantities,  the  solution  should  be 
warmed  gently  at  first  until  the  precipitate  has  shrunk  together,  the 
bu.lk  of  the  Hquid  then  poured  off,  and  the  rest  heated  with  the  pre- 
cipitate to  boiling.  This  reaction  is  distinctly  marked  only  if  the 
malate  of  lead  is  tolerably  pure  ;  if  mixed  with  other  salts  of  lead — as, 
for  instance,  when  ammonia  is  added  to  alkaline  reaction — it  is  only 
imperfect,  or  fails  altogether  to  make  its  appearance. 

6.  Nitrate  of  silver  added  to  solutions  of  neutral  malates  of  the 
akalies  throws  down  a  white  precipitate  of  malate  of  silver, 
2AO-0  OHO  [Ag.CiH.OJ,  which  on  long  standing,  or  on  boiling  turns 

to     J     8      4  8 

somewhat  gray. 

7.  On  mixing  the  warm  solution  of  free  malic  acid  -with  magnesia 
or  its  carbonate  until  the  acid  reaction  is  destroyed,  filtering,  evapo- 
rating, and  adding  hot  alcohol  to  the  hot  solution,  malate  of 
magnesia,  2MgO,03Hp,  [MgC4H,0,],  separates asa  glutinous  mass  on 
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the  sides  of  the  vessel ;  it  is  hard  when  cold.  Malic  acid  cannot  be 
distinguished  from  citric  acid  by  this  reaction  (Barfoed). 

8.  When  malic  acid  is  heated  with  concentrated  sxilphuric  acid, 
cai'bonic  acid  and  cai-bonic  oxide  are  evolved  at  first ;  the  mixture  then 
turns  brown  and  ultimately  black,  with  evolution  of  sulphurous  acid. 

§  166. 

Recapitulation  and  Remarks. 

Of  the  organic  acids  of  this  group,  oxalic  acid  is  characterized 
by  its  lime  salt  being  reprecipitated  at  once  on  adding  ammonia  or 
acetate  of  soda  to  its  solution  in  hydrochloric  acid,  and  also  by  a  pre- 
cipitate being  immediately  formed  on  adding  solution  of  sulphate  of 
lime  to  a  solution  of  the  free  acid. 

Tartaric  acid  is  characterized  by  the  sparing  solubility  of  the  acid 
potassa  salt,  the  solubility  of  the  lime  salt  in  cold  solution  of  soda  or 
potassa,  the  reaction  of  the  lime  salt  with  ammonia  and  nitrate  of 
sOver,  and  the  peculiar  odour  which  the  acid  and  its  salts  emit  when 
heated.  In  the  presence  of  the  other  acids,  it  is  detected  with  greatest 
certainty  by  means  of  the  reaction  with  acetate  of  potassa  or  fluoride 
of  potassium  (§  163,  4).  C.  D.  Braun's  test  for  distinguishing  tar- 
taric acid  from  the  other  organic  acids  by  means  of  cobalthexamine 
chloride  wiU  be  found  in  Zeit.  anal.  Chem.,  7,  349. 

Citric  acid  is  usually  recognized  by  its  reaction  with  Hme  water, 
or  with  chloride  of  calcium  and  ammonia  in  presence  of  chloride  of 
ammonium,  but  it  is  necessary  that  maUc  and  tartaric  acids  should  be 
absent  or  that  they  should  be  removed  previously ;  also  that  a  sufficient 
quantity  of  lime  water  or  chloride  of  calcium  should  be  employed. 
A  very  safe  and  characteristic  test  for  citric  acid  consists  in  the 
microscopic  appearance  of  its  baryta  salt  (§  164,  5)  and  the  formation 
of  the  blue  or  green  products  mentioned  in  §  164,  9. 

Malic  acid  would  be  sufficiently  characterized  by  the  behaviour  of 
malate  of  lead  when  heated  under  water,  were  this  reaction  moi'e 
sensitive,  and  not  so  easily  interfered  with  by  the  presence  of  other 
acids.  The  best  means  of  identifying  malic  acid  is  to  convert  it  into 
maleic  acid  and  fumaric  acid  by  heating  it  in  a  glass  tube ;  for  this 
purpose,  however,  it  is  necessary  to  have  the  hydrate  of  malic  acid  in  a 
pure  state.  Malate  of  lead  is  sparingly  soluble  in  ammonia  free  from 
carbonic  acid,  whilst  the  citrate  and  tartrate  of  lead  dissolve  very 
readily  in  that  reagent ;  this  dijSerence  in  the  behaviour  of  the  lead 
salts  of  the  acids  affords  a  means  of  distinguishing  between  them. 
Citrate  and  malate  of  lime  may  be  separated  by  means  of  boiling  lime 
water,  which  dissolves  the  latter,  but  not  the  former. 

If  only  one  of  the  four  acids  is  present  in  a  solution,  lime  water  will 
suffice  to  indicate  which  of  the  four  is  present :  malic  acid  is  not  pre- 
cipitated by  this  reagent,  citric  acid  is  precipitated  only  on  boiling, 
whilst  tartaric  acid  and  oxalic  acid  are  thrown  down  in  the  cold ;  the 
tartrate  of  lime  redissolves  on  adding  chloride  of  ammonium,  the 
oxalate  does  not. 

If  the  four  acids  are  present  together  in  a  solution,  the  oxalic  acid 
and  tartaric  acid  are  usually  precipitated  first  by  chloride  of  calcium 
and  ammonia  in  presence  of  chloride  of  ammonium.  It  must  be  noted, 
however,  that  the  tartrate  of  lime  requires  some  time,  about  two 
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hours,  for  complete  precipitation  (it  may  be  separated  from  the  oxalate 
by  means  of  solution  of  soda),  and  also  that  an  alkaline  citrate  when 
present  in  any  quantity  prevents  the  complete  separation  of  oxalic  acid 
and  still  more  that  of  tartaric  acid.  When  alcohol  in  moderate 
quantity  is  cautiously  added  to  the  filtrate,  the  citrate  of  lime  separates 
(and  with  it  the  rest  of  the  oxalate  and  tartrate  of  lime) ;  on  filtering 
again  and  mixing  the  filtrate  with  more  alcohol,  malate  of  lime  is  thrown 
down  ;  the  hydrated  acid  may  be  prepared  from  this  by  dissolving  it  in 
acetic  acid,  adding  alcohol,  filtering  if  necessary,  mixing  the  filtrate  with 
acetate  of  lead,  neutralizing  with  ammonia,  washing  the  precipitate, 
suspending  it  in  water,  treating  ^vith  sulphuretted  hydrogen,  filtering, 
and  evaporating  the  filtrate  to  dryness.  A  better  method  for  the  detec- 
tion of  malic  acid  in  the  presence  of  the  three  other  acids  consists  in 
combining  the  acids  with  ammonia,  concentrating  strongly,  neutralizing 
the  liquid  with  ammonia  whilst  still  warm  (to  dissolve  the  acid  salts 
produced  in  the  evaporation),  and  adding  8  volumes  of  alcohol  of  98  per 
cent.  After  twelve  to  twenty-four  hours,  the  solution  of  malate  of 
ammonia  is  filtered  from  the  oxalate,  tartrate,  and  citrate  of  ammonia 
which  have  separated,  the  mahc  acid  is  precipitated  with  acetate  of  lead, 
and  the  pure  hydrated  acid  is  prepared  from  the  precipitate  and  tested 
(Barfoed).  Where  a  small  quantity  of  citric  acid  or  malic  acid  is  to 
be  detected  in  presence  of  a  large  proportion  of  tartaric  acid,  the  best 
way  is  to  remove  the  latter  first  by  acetate  of  potassa,  with  addition  of 
an  equal  volume  of  strong  alcohol.  The  other  acids  may  then  be  com- 
pletely precipitated  by  adding  excess  of  chloride  of  calcium  and 
ammonia  to  the  filtrate  and  adding  a  little  more  alcohol.  Lastly,  the 
malate  of  lime  can  be  separated  from  the  citrate  by  treating  the  mixed 
lime  salts  with  boihng  lime  water. 

By  far  the  best  means  of  detecting  tartaric  acid  in  presence  of  citric 
acid,  is  to  heat  the  suspected  mixture  with  sulphuric  acid  (1  gram  with 
10  c.c.)  in  a  water-bath  for  an  hour ;  with  pure  citric  acid  the  solution 
becomes  of  a  lemon-yellow  colour  merely,  whilst  if  tartaric  acid  is 
present  it  will  be  brown  or  red-brown  (E.  Schmidt,  Pusch);  the 
test  with  chromate  of  potassa  (§  163,  13)  may  also  be  employed. 

§  167. 

Racemic  Acid,  aHO.CgH.Oio  [HoC,H,0,]. 

The  formula  of  crystallized  racemic  acid  is  2HO,OgTl40io-f-2aq 
[HjC^H^OgiMjO].  The  water  of  crystallization  escapes  slowly  on  exposure  to 
the  air,  rapidly  at  100°  (difference  between  racemic  acid  and  tartaric  acid). 
With  solvents,  racemic  acid  behaves  like  tartaric  acid.  The  reactions  of  the 
racemates  also  are  very  similar  to  those  of  the  tartrates;  many  of  them, 
however,  differ  from  the  corresponding  tartrates  in  the  amount  of  water  they 
contain,  and  in  form  and  solubility.  The  aqueous  solutions  of  racemic  acid 
and  its  salts  have  no  action  on  polarized  light  (distinction  from  tartaric  acid 
and  metatartaric  acid).  Chloride  of  calcium  added  to  a  solution  of  free 
racemic  acid  or  a  racemate  throws  down  racemate  of  lime, 

2CaO,OgH40io+8ag  [CaC,H,0„,4H,0], 
as  a  white,  crystalline  powder ;  this  is  reprecipitated  from  its  solution  in 
hydrochloric  acid  on  addition  of  ammonia,  either  at  once  or  very  quickly 
(difference  between  racemic  acid  and  tartaric  acid).  It  dissolves  in  solution 
of  soda  or  potassa,  but  is  reprecipitated  on  boiling  (distinction  from  oxalic 
acid).  Lime  water  added  in  excess  produces  immediately  a  white  precipi- 
tate insoluble  in  chloride  of  ammonium,  and  in  acetic  acid  (distinction  from 
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tartaric  acid).  Solution  of  sulphate  of  lime  does  not  ijnmediately  pro- 
dace  a  precipitate  in  a  solution  of  racemic  acid  (difference  between  racemic 
and  oxalic  acid) ;  after  ten  or  fifteen  miautes,  however,  racemate  of  lime 
separates  (distinction  from  tartaric  acid) ;  in  solutions  of  neutral  racemates 
the  precipitate  forms  immediately.  With  salts  of  potassa,  racemic  acid 
behaves  like  tartaric  acid.  On  allowing  racemate  of  soda  and  potassa  or  of 
soda  and  ammonia  to  crystallize,  two  kinds  of  crystals  are  obtained,  which 
resemble  each  other  as  the  ima^e  reflected  by  a  mirror  resembles  the  object 
reflected.  The  one  kind  of  crystal  contains  ordinaiy  dextrorotary  tartaric 
acid,  the  other  contains  liBvotartaric  acid,  that  is,  an  acid  which  is  the  same 
in  every  respect  as  tartaric  acid,  except  that  it  turns  the  polarized  ray  to  the 
left._  If  the  two  kinds  of  crystals  are  mixed  and  redissolved,  the  solution 
again  shows  all  the  reactions  of  racemic  acid. 

Second  Group  of  Organic  Acids. 

The  Hydrates  of  the  Acids  of  the  Second  Group  sublime  without 
alteration,  or  merely  split  up  into  the  anhydrous  acid  and  water. 
When  heated  with  nitric  acid,  they  are  either  left  unchanged 
(Succinic  Acid),  or  merely  converted  into  Mtroderivatives 
(Benzoic  Acid,  Salicylic  Acid).  The  Lime  Salts  are  readily  soluble 
in  water  (Benzoic  Acid,  Salicylic  Acid),  or  sparingly  soluble 
(Succinic  Acid).  The  solutions  of  the  neutral  Alkali  Salts  are 
precipitated  by  ferric  chloride  (Succinic  Acid,  Benzoic  Acid), 
.  or  give  an  intense  coloration  with  it  (Sahcylic  Acid), 
The  acids  of  the  second  group  are  Succinic  Acid,  Benzoic 
Acid,  Salicylic  Acid, 


^ §  168. 

a.  Succinic  Acid,  2H0,C,H,0g  [W,H,o,l 

1.  Hydrate  of  succinic  acid  forms  colourless,  inodorous  prisms 
or  tables  (rhombic  prisms  or  rhomboid  tables).    It  is  easily  soluble  in 
hot  water  or  hot  alcohol,  less  readily  in  the  cold  solvents,  sparingly  in 
ether  (100  :  1-265).  When  heated  for  a  long  time  at  140°,  the  hydrated 
acid  volatilizes  in  part  without  decomposition,  and  is  partly  resolved 
into  water  and  the  anhydrous  acid,  which  sublimes.    If  heated  rapidly 
the  hydrate  melts  at  180°  and  boils  at  235°,  being  mostly  resolved  into 
water  and  the  anhydrous  acid.    The  subKmed  anhydrous  acid  forms 
silky  needles.     Heated  in  the  air,  succinic  acid  burns  with  a  blue 
smokeless  flame.  _  Pure  succmic  acid  is  odourless,  and  has  a  feebly  acid 
taste.    The  officinal  acid  has  an  empyreumatic  odour,  and  leaves  a 
somewhat  large  carbonaceous  residue  on  volatilization.    Succinic  acid 
IS  not  destroyed  on  heating  with  nitric  acid,  and  may  therefore  be  easily 
pui-ilied  trom  any  oU  of  amber  which  may  be  present,  by  boihnff  with 
that  acid  for  half  an  hour. 

2,  The  succinates  are  decomposed  at  a  red  heat;  those  which 
I  have  an  alkali  or  alkahne  earth  for  base  are  converted  into  carbonates 

with  separation  of  charcoal.  Most  of  the  succinates  are  soluble  in 
water  As  succinate  of  soda  is  almost  insoluble  in  strong  alcohol  and 
1  crystallines  well  both  as  a  neutral  and  acid  salt,  it  mfy  be  leadUv 
obtained  m  a  pure  state  from  very  impure  solutions ;  this  method  may  be 
utihzed  for  the  detection  and  separation  of  the  acid.*  On  heating  the 
*  Compare  Meissner  and  Jolly,  Zeit.  anal,  Chem.  4  502. 
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succinates  with  bisulphate  of  potassa  in  a  tube,  the  acid  sublimes.  The 
acid  may  also  be  obtained  from  its  salts  by  decomposing  them  with 
sulphuric  acid,  and  extracting  with  warm  absolute  alcohol ;  all  the 
succinic  acid  may  also  be  extracted  from  a  solution  by  strongly  acidify- 
ing it  vip  with  sulphuric  acid  and  repeatedly  shaking  it  up  with  ether. 

3.  If  chloride  of  calcium,  chloride  of  ammonium,  and  ammonia  are 
added  to  a  solution  of  succinic  acid  or  a  succinate,  the  solution  remains 
clear,  and  that  even  on  boiling  if  sufficient  chloride  of  ammonium  is 
present.  On  adding  twice  or  thrice  its  volume  of  alcohol,  however, 
a  crystalline  precipitate  of  succinate  of  lime,  20aO,CgH^05  +  6aq 
[CaC4H^04,3H20],  is  produced ;  often  this  does  not  make  its  appearance 
until  after  the  lapse  of  some  time. 

4.  Chloride  of  barium  throws  down  in  white  crystalline  precipitate 
of  succinate  of  baryta,  2BaO,C3HPg  [BaC^HtO^],  from  solutions  of 
succinates  of  the  alkalies,  but  not  from  those  of  succinic  acid.  Usually 
this  precipitate  is  not  formed  until  after  the  lapse  of  some  time :  heating 
promotes  its  separation.  On  adding  alcohol,  it  separates  quickly  even 
from  dilute  solutions. 

5.  Ferric  chloride  which  has  been  carefully  neutralized  with  very 
dilute  ammonia,  added  until  the  liquid  is  dark  brown  but  still  clear, 
produces  in  solutions  of  a  neutral  succinate  of  the  alkalies  a  brownish 
pale-red  bulky  precipitate  of  basic  ferric  succinate,  Fefi^,G^'H.fl^ 
[2Fe2(C«H404)3,Fe203] ;  one-third  of  the  succinic  acid  is  liberated  in  this 
reaction,  and  retains  part  of  the  precipitate  in  solution  if  the  liquid  is 
filtered  off  hot.  The  precipitate  is  readily  soluble  in  mineral  acids; 
ammonia  decomposes  it,  with  separation  of  a  less  bulky  precipitate  of  a 
highly  basic  ferric  succinate,  the  greater  portion  of  the  acid  remain- 
ing dissolved  as  succinate  of  ammonia.  Tartrates  of  the  alkalies  prevent 
or  interfere  with  the  precipitation  of  succinic  acid  as  ferric  succiuate. 

6.  Acetate  of  lead,  when  added  drop  by  drop  to  a  solution  of  free 
succinic  acid,  or  of  an  alkaline  succinate,  produces  a  white  amorphous 
precipitate  which  redissolves  immediately  in  excess  of  succinic  acid,  of 
alkaline  succinate,  or  of  acetate  of  lead,  but  in  a  short  time  separates 
again  in  the  crystalline  form.  This  precipitate  consists  of  neutral 
succinate  of  lead,  2PbO,C,HPg  [PbC^H^OJ;  it  is  ahnost  insoluble 
in  boiling  water,  succinic  acid,  and  acetate  of  lead,  somewhat  more 
soluble  in  acetic  acid,  easily  in  nitric  acid ;  it  is  converted  into  a  basic 
salt  by  treatment  with  ammonia. 

§  169. 

I.  Benzoic  Acid,  HO,Ci,Hp,  [HC,H,Oj. 

1,  Pure  hydrate  of  benzoic  acid  forms  inodorous,  white  scales 
or  needles,  or  simply  a  crystalline  powder  having  a  feeble  ai'omatic 
odour.  It  melts  at  121'4'',  boils  at  250°,  and  volatilizes  without  residue ; 
when  heated  in  an  open  basin  at  100°,  it  volatUizes  in  considerable 
quantity.  Its  vapour  causes  a  peculiar,  irritating  sensation  in  the 
throat,  and  provokes  cougliing;  if  carefully  cooled,  the  vapour  con- 
denses in  brilHant  needles.  The  vapours  burn  with  a  luminous,  sooty 
flame  when  kindled.  The  ordinary  officinal  hydrate  of  benzoic  acid  has 
the  odour  of  benzoin,  and  leaves  a  small,  carbonaceous  residue  when 
heated.  Hydrate  of  benzoic  acid  dissolves  in  588  parts  of  water  at  0_ ; 
in  345  at  20°;  and  in  17  at  100°  (Bourgoin).    It  dissolves  easily  m 
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alcohol  or  ether.  Addition  of  water  imparts,  therefore  a  milky  tur- 
bkh  y  to  a  satiu-ated  solution  of  the  acid  n  alcoho  .  It  dissolves  m 
«trated  sulphuric  acid  forming  a  colourless  solution  from  which  it 
is  thro\Aai  down  unaltered  on  addition  of  water. 

2  Most  of  the  benzoates  are  soluble  in  water;  only  those  with 
feeble  Ces  such  as  ferric  oxide,  ai-e  insoluble.  The  soluble  benzoates 
S  a  pS^pungent  taste.  The  addition  of  a  strong  acid  to  con- 
ctZair^Z^^  s'olutions  of  benzoates  displaces  the  benzoic  acid, 
wSrseparltes  as  hydrate  in  the  form  of  a  dazzHng  white  sparingly 
soluble  powder.  Benzoic  acid  is  expelled  m  the  same  way  from  the 
insoluble  benzoates  by  such  strong  acids  as  form  soluble  salts  with  tHe 
bases  with  which  the  benzoic  acid  is  combined. 

3  Ferric  chloride  which  has  been  carefully  neutrahzed  with  very 
dilute  ammonia,  added  until  the  liquid  is  dark  brown  but  still  clear, 
when  added  to  solutions  of  neutral  benzoates,  throws  dowa  all  the 
benzoic  acid  in  combination  with  ferric  oxide.  The  bulky  flesh- 
coloui-ed  precipitate  of  ferric  benzoate,  ^^^ 

2Fe  0  ,3(0,,H P^)  +  I5aq  [Fe,(C,HA)B>Fe,03  +  15H,0],  _ 
is  decomposed  by  ammonia  in  the  same  manner  as  ferric  succinate 
but  differs  from  it  in  that  it  dissolves  in  a  httle  hydrochloric  acid,  with 
separation  of  the  greater  portion  of  the  benzoic  acid     The  presence  of 
tartrates  of  the  alkahes  prevents  or  interferes  with  the  precipitation  ot 

ferric  benzoate.  .  .       •  j  i  j. 

4  Acetate  of  lead  does  not  precipitate  free  benzoic  acid,  but  it 
throws  down  a  flocculent  precipitate  in  solutions  of  alkahne  benzoates. 
The  precipitate,  PbO,C,,H,03  +  aq  [Pb(C,HA).HP]    is  insoluble  m 

*  benzoate  of  soda,  but  dissolves  in  excess  of  acetate  of  lead  and  m  acetic 
acid.  The  precipitate  does  not  dissolve  on  heating  the  solution  to 
boiling,  neither  is  it  soluble  in  ammonia. 

5.  A  mixture  of  alcohol,  ammonia,  and  chloride  of  barium,  or 
chloride  of  calcium  added  to  a  solution  of  benzoic  acid  or  of  an  alkaline 
benzoate  produces  no  precipitate  (chstinction  from  succinic  acid). 


§  170. 

c.  Salicylic  Acid,  HO,C,,Hp,  [HC,H303]. 

1.  Hydrate  of  salicylic  acid  crystallizes  in  colourless  and  odour- 
less prisms.  It  is  only  sparingly  soluble  in  cold,  but  dissolves  more 
readily  in  hot  water;  1  part  of  the  acid  requiring  666  parts  of  water 
at  0°,  370  parts  at  20°,  and  12-6  parts  at  100°  for  solution  (Bourgom). 
It  dissolves  very  readily,  however,  in  alcohol,  ether,  amyl  alcohol,  and 
chloroform.  It  melts  at  155°,  and  on  cautiously  heating  may  be 
subhmed  unaltered  in  the  form  of  needles;  if  heated  rapidly  to  a  high 
temperature,  however,  it  is  partially  decomposed  into  carbonic  acid  and 
phenol.  On  boihng  an  aqueous  solution  of  sahcylic  acid,_  it  volatilizes 
in  considerable  quantity.  The  aqueous  solution  has  a  distinctly  acid 
reaction.  On  warming  hydrated  salicyhc  acid  with  strong  nitric  acid,  it 
yields  nitrosalicylic  acid. 

2.  Salicylic  acid  forms  two  series  of  salts  which  are  usually, 
although  not  correctly,  known  as  neutral  and  basic  salts.  Solutions 
of  the  salicylates  of  the  alkahes,  possibly  from  the  presence  of  basic 
salts,  become  of  a  brownish  colour  when  heated  in  the  presence  of  air. 


2^'^  RECAPITULATION  AND  REMARKS.  i^j^ 

The  neutral  salicylates  are  for  the  most  part  easily  soluble  in  water  ■ 
the  basic  salts  are  generally  either  very  sparingly  soluble  or  quite 
insoluble.  Most  salicylates  yield  phenol  when  heated.  Mineral  acids 
throw  down  a  white  precipitate  of  the  hydrated  salicylic  acid  from  solu- 
tion of  the  saHcylates  if  sufficienLly  concentrated.  Acetic  acid  yields 
no  precipitate. 

_  3.  On  adding  ferric  chloride  to  an  aqueous  solution  of  .saUcyhc 
acid  or  its  salts,  it  becomes  of  a  deep  violet  colour.  The  presence  of 
free  acetic  acid,  however,  renders  this  very  characteristic  reaction  much 
less  deHcate,  whilst  ammonia  or  hydrochloric  acid  altogether  prevents  it. 

4.  Lead  acetate,  when  added  to  solutions  of  the  neutral  salicylates 
of  the  alkalies,  forms  a  white  precipitate  of  lead  salicylate, 

.  PbO,C,,Hp,  +  aq  [Pb(C,Hp3)„H,0], 

soluble  in  excess  of  the  lead  acetate  or  acetic  acid,  but  insoluble  in 
ammonia.  On  heating,  the  precipitate  is  dissolved,  but  is  deposited 
again,  on  cooling,  in  small  crystals. 

5.  Chloride  of  calcium  and  chloride  of  barium  yield  no  pre- 
cipitate in  solutions  of  saHcyHc  acid,  even  on  addition  of  ammonia  or 
alcohol. 

6.  On  heating  a  solution  of  salicylic  acid  in  methyl  alcohol  with 
half  its  volume  of  concentrated  sulphuric  acid,  a  compound  of  aromatic 
odoiu-  is  formed  and  may  be  separated  by  cUstillation.  It  consists  of 
methyl  salicylate,  the  chief  constituent  of  oil  of  winter-green.  A 
solution  of  salicylic  acid  in  ethyl  alcohol,  when  treated  in  the  same  way, 
yields  ethyl  saHcylate  possessing  a  similar  odour. 


§  171. 

Recapitulation  and  Remarks. 

Benzoic  and  salicyHc  acids  may  be  distinguished  from  succinic  acid 
by  the  much  greater  solubility  of  the  last  named  in  water,  solutions 
of  benzoates  and  salicylates  yielding  precipitates  of  the  hydrates  of  then- 
respective  acids  on  the  addition  of  mineral  acids. 

Succinic  and  benzoic  acids  may  be  distinguished  from  salicyHc  acid 
by  the  fact  that  they  yield  a  precipitate  with  ferric  chloride,  whilst 
salicyHc  acid  forms  no  jDrecipitate,  but  the  liquid  becomes  of  a  deep 
violet  coloiu-.  If  the  precipitates  of  the  above  acids  formed  with  ferric 
chloride  are  digested  with  ammonia,  filtered,  and  the  filtrate  concen- 
trated and  acidified,  the  benzoic  acid  is  precipitated,  whilst  the  succinic 
acid  remains  in  solution  and  may  be  precipitated  as  succinate  of  lime  or 
bai'yta.  Succinic  acid  may  also  be  separated  from  salicylic  acid  by 
precipitating  it  as  the  Hme  or  baryta  salt. 

To  separate  any  of  the  three  acids  from  a  solution  containing  other 
organic  substances,  it  should  be  rendered  strongly  acid  with  sulphiu-ic 
acid  and  repeatedly  shaken  up  with  ether ;  on  distilHng  ofi"  the  ether, 
the  hydrated  acids  are  obtained.  To  detect  the  presence  of  salicylic 
acid  in  wine,  it  is  better  to  shake  it  up  with  amyl  alcohol  instead  of 
ether,  in  order  to  avoid  extracting  tannin.  The  amyl  alcohol  solution 
is  then  separated,  mixed  with  ordinary  alcohol,  and  tested  by  adding 
a  small  quantity  of  very  dilute  ferric  chloride  solution. 

Neither  succinic  acid,  benzoic  acid,  nor  salicylic  acid  prevents  the 
precipitation  of  ferric  oxide,  alumina,  &c.,  by  alkalies. 


§  172.] 
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Third  Group  of  Organic  Acids. 

ferric  chloride.  .         Trnrmif^  Acid 

The  acids  of  the  third  group  are  Acetic  Acid,  Formic  Acia 
{Lactic  Acid,  Propionic  Acid,  and  Butyric  Acid). 

§  172. 

a.  Acetic  Acid,  HO,C,Hp,  lHC,H3C.]. 

1  The  hydrate  of  acetic  acid  forms  transparent  crystalHne 
plate's,  which  melt  at  17°  to  a  colourless  liquid  of  a  peculiar  pungent 
and  penetrating  odour,  and  exceedingly  acid  taste  It  bods  at  119 
volatihzing  completely  in  pungent  vapours,  which  burn  with  a  blue 
flame  It  is  miscible  with  water  in  all  proportions,  and  it  is  to  such 
mixtures  of  the  acid  with  water  that  the  name  of  acetic  acid  is  com- 
monly applied.    The  hycbate  of  acetic  acid  is  also  soluble  m  alcohol. 

2  The  acetates  are  decomposed  at  a  red  heat.  The  salts  of  the 
alkahes,  and  other  salts  with  the  stronger  bases  are  decomposed 
at  a  high  temperature,  generally  with  formation  of  acetone,  O  M^U, 
[C^Hpi;  and  carbonic  acid,  the  latter  remaining  in  combination  or  being 
evolved  in  the  free  state  according  to  the  nature  of  the  base.  In  tne 
case  of  salts  with  a  feeble  base,  most  of  the  acetic  acid  passes  oft  un- 
decomposed:  the  residue  is  usuaUy  carbonaceous.  Almost  all  tJie 
acetates  dissolve  in  water  and  in  alcohol;  most  of  them  are  readily 
soluble  in  water,  a  few  only  are  sparingly  soluble  m  it.  _  When  acetates 
are  distilled  with  dilute  sulphuric  acid,  the  free  acetic  acid  is  obtained  in 

the  distillate.  •  i  •  j:i 

3.  If  ferric  chloride  is  added  to  acetic  acid,  and  the  acid  is  then 
nearly  saturated  with  ammonia,  or  if  a  neutral  acetate  is  mixed  with 
ferric  chloride,  the  liquid  acquires  a  deep  red  colour,  owing  to  the 
formation  of  ferric  acetate.  On  boiling,  the  solution  becomes 
colourless  if  it  contains  an  excess  of  acetate,  the  whole  of  the  sesquioxide 
of  iron  being  precipitated  as  a  basic  acetate,  in  the  form  .of  brown- 
yeUow  flakes.  Ammonia  added  to  the  solution  of  ferric  acetate  throws 
down  the  whole  of  the  sesquioxide  of  iron  as  hydrate.  On  adding 
hydrochloric  acid  to  the  red  solution  of  ferric  acetate,  it  turns  yellow 
(distinction  from  sulphocyanate  of  iron).  _ 

4.  ISTeutral  acetates,  but  not  free  somewhat  dilute  acetic  acid,  with 
nitrate  of  silver,  give  a  white  crystalline  precipitate  of  acetate  ot 
silver,  AgO,C,H,03  [AgC,H30J,  which  is  very  sparingly  soluble  m 
cold  water.  It  dissolves  more  easily  in  hot  water,  but,  on  cooling, 
separates  again  in  the  form  of  very  line  crystals.  Ammonia  dissolves 
it  readUy  ;  free  acetic  acid  does  not  increase  its  solubihty  m  water. 

5.  Mercurous  nitrate  produces  in  acetic  acid,  and  more  readily 
still  in  acetates,  a  white  scaly  crystalline  precipitate  of  mercurous 
acetate,  'S.gf>,Q,TLfi^  [Hg,(0,H30,),] ;  this  is  sparingly  soluble  in  water 
and  acetic  acid  in  the  cold,  but  dissolves  without  difficulty  m  excess  of 
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the  precipitant.  The  precipitate  dissolves  in  hot  water,  but  on  cooling, 
separates  again  m  the  form  of  small  crystals ;  the  mercurous  acetate  is^ 
however,  partially  decomposed,  a  portion  of  the  mercury  separatin ' 
m  the  metallic  state,  and  imparting  a  gray  colour  to  the  priipitate 
It  the  mercurous  acetate  is  boiled  with  dilute  acetic  acid,  instead  of 
mtnute  metalHc  mercury  which  separates  is  exceedingly 

6.  Mercuric  chloride  yields  no  precipitate  of  mercurous  chloride 
wlien  heated  with  acetic  acid  or  an  acetate. 

7.  If  an  acetate  is  heated  with  concentrated  sidphuric  acid 
Hydrate  of  acetic  acid  is  evolved,  which  may  be  known  bv  its 
pungent  odour ;  if  the  acetate  is  heated  with  a  mixture  of  about  equal 
n  w  n^ni  ^r^''''r^!fi^i  sulphuric  acid  and  alcohol,  acetic  ether 

{.V*^^  LC.H„C,H30,],  is  formed.  The  odour  of  this  ether  is 
agreeable,  very  characteristic,  and  it  is  most  distinct  on  shaking  the 
mixture  when  somewhat  cooled,  and  is  much  less  liable  to  lead  to 
mistakes  than  the  pungent  odour  of  the  acid  itself. 

8.  If  dilute  acetic  acid  is  heated  with  excess  of"  oxide  of  lead,  part 
of  the  latter  dissolves  as  basic  acetate  of  lead :  the  solution  has  an 
aUialme  reaction ;  it  gives  no  crystals  on  cooling 


§  173. 

h.  Formic  Acid,  H0,C,H03  tHCHOj. 

1.  The  hydrate  of  formic  acid  is  a  transparent  and  color- 
less, caustic,  shghtly  fuming  liquid  of  a  peculiar  and  exceedingly  pene- 
trating odour.  It  crystallizes  at  -1°  in  colourless  plates.  It  is 
miscible  m  all  proportions  with  water  and  alcohol.  It  boils  at  98-5°, 
and  can  be  distilled  without  decomposition ;  the  vapour  burns  with  a 
blue  flame. 

2.  The  formates,  like  the  corresponding  acetates,  leave  either 
carbonates,  oxides,  or  metals  behind  when  ignited ;  at  the  same  time 
hydrocarbon,  carbonic  acid,  and  water  are  evolved  and  carbon  separated. 
All  the  compounds  of  formic  acid  with  bases  are  soluble  in  water  • 
alcohol  also  dissolves  many  of  them.  ' 

3.  Formic  acid  gives  the  same  reaction  with  ferric  chloride  that 
acetic  acid  does. 

4.  Nitrate  of  sHver  gives  no  precipitate  with  free  formic  acid,  and 
decomposes  the  alkaline  formates  only  in  concentrated  solutions.  The 
white,  sparingly  soluble,  crystalline  precipitate  of  formate  of  silver, 
^gOjC^HO^  [AgCHOj,  very  rapidly  becomes  darker  from  separation  of 
metallic  silver ;  complete  reduction  of  the  oxide  of  silver  to  the  metalUc 
state  takes  place,  even  in  the  cold,  after  the  lapse  of  some  time,  and 
immediately  on  heating  the  solution  with  the  precipitate.    The  same 
reduction  of  the  oxide  of  silver  takes  place  in  a  solution  of  free  formic 
acid,  and  also  in  solutions  of  formates  so  dilute  that  the  addition  of 
nitrate  of  silver  fails  to  produce  a  precipitate ;  it  does  not  take  place, 
however,  in  presence  of  an  excess  of  ammonia.    The  formic  acid  de- 
prives the  oxide  of  silver  of  its  oxygen,  forming  carbonic  acid,  which 
is  evolved,  and  water,  reduced  silver  being  deposited. 

5.  Mercurous  nitrate  gives  no  precipitate  with  free  formic  acid, 
but  with  solutions  of  alkaline  formates  it  yields  a  glistening,  white, 
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sDarin-ly  soluble  precipitate  of  mercurous  formate,  Hg  0,C  HO^ 
Echo..).,]  This  rapidly  becomes  gray,  from  separation  of  metallic 
mercury :  after  the  lapse  of  some  time,  reduction  is  complete,  even  in 
Se  co  d  but  takes  place  immediately  on  heating  carbonic  acid  and 
watei  beizrformed.  As  in  the  case  of  oxide  of  silver,  this  reduction 
Takes  place  both  in  solutions  of  free  formic  acid  and  also  m  solutions  so 
dUute  that  the  mercurous  formate  remains  m  solution. 

6  If  an  aqueous  solution  of  formic  acid  or  of  an  alkahne  formate 
is  heated  with  mercuric  chloride,  mercurous  ^h  oride  is  pre- 
cipitated even  before  the  boiling  point  is  reached.  The  Presence  of 
free  hydrochloric  acid  or  of  somewhat  considerable  quantities  of  alkalme 

chlorides  prevents  the  reaction.  ,     .  ,  x    j.  i  „„i 

7  If  formic  acid  or  a  formate  is  heated  with  concentrated  sul- 
phuric acid,  the  formic  acid  is  resolved  into  water  and  carbonic  oxide ; 
the  latter  escapes  with  effervescence  and,  if  kindled,  burns  with  a  bhie 
flame.  In  this  reaction,  the  sulphuric  acid  removes  from  the  tormic 
acid  the  water  or  the  oxide  necessary  for  its  existence,  and  thus 
occasions  a  transposition  of  its  elements, 

HO,C,H03  =  2CO  +  2HO  [HCHO.,=CO  + KO]. 
If  a  formate  is  heated  with  dilute  sulphuric  acid  in  a  distilhng  apparatus, 
free  formic  acid  is  found  in  the  distillate,  and  may  generaUy  be  readily 
detected  by  its  odour.  If  a  formate  is  heated  with  a  mixture  of  strong 
sulphuric  acid  and  alcohol,  formic  ether  is  formed,  and  is  characterized 
by  its  pecuHar  odour,  resembling  that  of  arrack. 

8.  When  dilute  formic  acid  is  heated  with  excess  of  oxide  of  lead, 
the  latter  partially  dissolves.  The  fluid  has  an  alkaline  reaction,  and 
on  cooling  the  solution,  which,  if  necessary,  may  be  concentrated  by 
evaporation,  the  formate  of  lead,  PbO,C,H03  [Pb(CHO.A>],  separates 
in  brilHant  prisms  or  needles. 

§  174. 

Recapitulation  and  Remarks. 

Acetic  acid  and  formic  acid  may  be  readily  distinguished  from  the 
other  inorganic  acids,  inasmuch  as  they  can  be  distilled  over  with  water, 
and  form  with  ferric  oxide  soluble  neutral  salts  which  dissolve  in  water, 
with  a  blood-red  colour;  these  are  decomposed  by  boiling. _  The  two 
acids  are  distinguished  from  each  other  by  the  odour  of  their  hydi-ates 
and  ethyl  compounds,  and  by  their  different  reactions  with  salts  of  silver 
and  salts  of  mercury,  oxide  of  lead,  and  concentrated  sulphuric  acid. 
The  separation  of  acetic  acid  from  formic  acid  is  effected  by  heating 
the  mixture  of  the  two  acids  with  an  excess  of  oxide  of  mercury  or  oxide 
of  silver.  Formic  acid  reduces  the  oxide,  and  is  decomposed,  whilst  the 
acetic  acid  combines  with  the  oxide,  and  remains  in  solution. 


§  175. 

Rarer  Acids  of  the  Third  Group  of  Organic  Acids. 
1.  Lactic  Acid,  UO.G.'Bfi,  [HC„HA]- 

Lactic  acid  is  developed  in  animal  juices,  vegetable  matters  that  have 
turned  sour,  &c.  Pure  hydrate  of  lactic  acid  is  an  inodorous  syrupy  liquid 
of  a  purely  acid,  sharp  taste.  When  it  is  slowly  heated  in  a  retort  at  130° 
•water  containing  a  little  hydrated  lactic  acid  distils  over,  leaving  a  residue 
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cLbnK'Sf  ^^"^'^  '^^^'5^  '^."^^^'^^  250°  and  300°  is  decomposed  into 
carbonic  oxide  carbonic  acid,  lactide,  and  other  products.    Hydrate  of  lactic 

uT.r  ,  if  volatilizes  with  the  aqueous  vapour.    All  the 

hnw.l''w  «°^"^le  m  water  and  in  spirit  of  wine,  the  greate? part  of  them 
^Zl  S\\tT^i''^\\f^'^  ^^^.^11  P^^l'^ble  in  ether.'  ThepJeparation  of 
suZlie.  '  ^^"^       examination  of  their  form  under  the  microscope 

lS?ffnf  •   """.l  detection  of  lactic  acid;  lactate  of  lime  aid 

innvi-  *^'i^''^  "^^^'^'^  P^rP«««-   Lactate  of  lime  may  be 

SS'^""*  ^  prepared  from  animal  or  vegetable  juices  by  the  foUowing 
m?ld  w^ri'^  V  ^  T?^  H'''^'  3  necessary,  is  diluted  with  wate? 

Xhu^o  tS'r^*^  and  filtered ;  the  filtrate  is  distilled  with  some 

with  ^1°  ffi?^'^-^^^^^^^^  acids),  the  residue  digested  several  days 

filWd  ^^^vJ^^         solution  distilled  with  a  little  milk  of  hme, 

bonTr.  lT      T-^^  ^I'^'I.  ^^'^^        ^^Ipl^^te  of  lime,  and  car- 

fflwJf  P'ff'^  into  the  filtrate;  this  is  heated  once  more  to  boiling, 
tUteied  from  the  precipitated  carbonate  of  lime,  the  filtrate  evaporated,  and 

l^J^fin  T'-'Z^'^  "^^^^^  '^^''^  solution  is  filtered,  and  the 

neutral  filtrate  allowed  to  remain  for  several  days  to  give  the  lactate  of  lime 
t  me  to  crystallize.  Should  the  quantity  of  lactic  acid  present  be  insuffi- 
cient to  allow  the  formation  of  crystals,  the  solution  is  evaporated  to  a 
syrupy  consistence,  mixed  with  strong  alcohol,  and  the  mixture  allowed  to 
stand  some  time  ;  the  alcoholic  solution  is  then  decanted  or  filtered  into  a 
vessel  that  can  be  closed,  and  a  small  quantity  of  ether  gradually  added ; 
tHis  will  cause  even  minute  traces  of  lactate  of  lime  to  separate  from  the 
solution,  bctiultzen  and  Eiess  recommend  the  following  method  for 
obtaining  lactic  acid  from  urine :— The  urine  is  strongly  concentrated,  precipi- 
tated with  95  per  cent,  spirit  of  wine,  and  after  the  lapse  of  twenty-four  hours 
the  alcoholic  solution  is  poured  ofE  and  evaporated  to  a  syrup ;  this  is  acidi- 
Hea  with  dilute  sulphuric  acid,  and  exhausted  by  agitation  with  ether.  The 
ether  is  then  distilled  oflf,  the  residue  dissolved  in  water,  precipitated  with  ace- 
tate of  lead,  filtered,  and  the  filtrate  treated  with  sulphuretted  hydrogen ;  lastly, 
the  faltrate  from  the  lead  sulphide  is  repeatedly  evaporated  on  the  water-bath 
to  drive  oft  the  acetic  acid.  The  lactic  acid  can  then  be  converted  into  the 
desired  salt  Under  the  microscope,  lactate  of  lime  appears  in  tufts  of 
minute  needles,  pairs  of  them  always  being  joined  at  the  stalked  ends,  so  as 
to  look  like  paint-brushes  united  together.  Lactate  of  zinc,  when  deposited 
quickly  from  its  solution,  appears  under  the  microscope  in  the  form  of 
spherical  groups  of  needles  ;  on  slow  evaporation  of  its  solution,  lactate  of 
zmc  IS  obtained  m  crystals  resembling  clubs  truncated  at  both  ends ;  these 
crystals  gradually  increase  in  size,  the  two  ends  becoming  smaller  in  pro- 
portion, whilst  the  middle  part  expands  (Funke). 

2.  Propionic  Acid,  HCOcHsOs  [HC3H,Oa  and 
3.  Butyric  Acid,  HCOgH^Og  [HC^H.O,]. 

_  Propionic  acid  is  formed  under  a  great  variety  of  circumstances;  it 
is  chiefly  found  in  fermented  liquids.  The  pure  hydrate  of  the  acid  is  a 
colourless  liquid  of  powerful  acid  odour  and  taste  ;  it  boils  at  140-5°,  and 
does  not  solidify  even  at  21°  It  dissolves  readily  in  water,  but  floats  as  an 
oily  stratum  on  aqueous  solution  of  phosphoric  acid,  or  solution  of  chloride 
of  calcium.  It  has  a  peculiar  odour  recalling  both  that  of  butyric  acid  and 
of  acetic  acid.  On  distilling  the  aqueous  solution,  the  propionic  acid  passes 
over  with  the  distillate. 

Butyric  acid  is  frequently  found  in  animal  and  vegetable  matter,  and 
more  particularly  in  fermeuted  liquids  of  the  most  varied  kinds.  The  pure 
hydrate  of  the  acid  is  a  colourless,  oily,  corrosive,  intensely  sour  liquid,  of 
disagreeable  odour,  recalling  that  of  rancid  butter  and  of  acetic  acid ;  it  boils 
at  163°.  It  is  miscible  with  water  and  alcohol  in  all  proportions,  but  may 
be  separated  from  the  concentrated  aqueous  solution  by  chloride  of  calcium, 
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concentrated  acids,  &c.,  in  the  form  of  a  thin  oil.  The  odour  of  butyric  acid 
is  particularly  strong  in  the  aqueous  solution ;  on  distilling  this,  the  acid 
passes  over  with  the  aqueous  vapour.  •  .  t  -ii 

Propionic  acid  and  butyric  acid  are  often  found  associated  with  tormic 
acid  and  acetic  acid  in  fermented  liquids,  in  guano,  in  urine,  and  in  many 
mineral  waters.  The  following  process  may  be  employed  for  the  detection 
of  the  several  acids :— The  substance  is  diluted  sufficiently  with  water,  acidi- 
fied with  sulphuric  acid,  and  distilled ;  the  distillate  is  then  saturated  with 
baryta  water,  evaporated  to  dryness,  and  the  residue  treated  repeatedly 
with  boiling  alcohol  of  85  per  cent.  This  will  leave  formate  of  baryta  and 
part  of  the  acetate  undissolved,  the  remainder  of  the  acetate,  together 
with  the  propionate  and  butyrate,  being  dissolved  by  the  alcohol.  The 
alcoholic  solution  is  evaporated,  the  residue  dissolved  in  water,  decomposed 
cautiously  with  sulphate  of  silver,  boUed,  filtered,  and  the  liquid  (which 
ought  rather  to  contain  a  little  undecomposed  baryta  salt  than  any  sulphate 
of  silver)  evaporated  under  the  desiccator.  The  crystals  which  form  first 
are  taken  out  separately,  then  the  second  crop,  and  finally  those  which  are 
deposited  last,  and  examined  separately  to  ascertain  their  nature.  Acetate 
of  silver  when  dissolved  in  concentrated  sulphuric  acid  gives  off  the  odour 
of  acetic  acid,  but  no  oily  drops ;  propionate  and  butyrate  of  silver  emit  the 
pecuUar  odour  of  the  acids,  and  give  oily  drops,  which,  however,  with  minute 
quantities  are  visible  only  under  the  microscope.  _  In  order  to  distinguish 
with  certainty  between  propionic  and  butyric  acids,  it  is  indispensable  to 
determine  the  amount  of  silver  in  the  separated  silver  salts,  and  to  fix  by 
iMs  the  atomic  weight  of  the  acids.  If  much  acetate  of  baryta  has  passed 
into  the  solution,  with  a  small  quantity  only  of  butyrate  and  propionate, 
the  baryta  is  first  exactly  precipitated  with  sulphuric  acid  from  the  aqueoiis 
solution  of  the  baryta  salts  soluble  in  alcohol,  half  of  the  acid  fluid  is 
neutralized  with  soda,  the  other  half  added,  and  the  liquid  distilled;  the 
distillate,  which  now  contains  principally  propionic  and  butyric  acids,  is 
saturated  with  baryta,  then  decomposed  with  sulphate  of  silver,  and  the 
remaining  part  of  the  process  conducted  as  above. 

The  following  process  may  be  used  with  advantage  for  separating  pro- 
pionic acid  from  acetic  acid  and  formic  acid  : — The  mixture  of  the  three  acids 
is  evaporated  to  dryness  with  water  and  excess  of  lead  oxide,  the  residue 
ground  up  with  warm  water,  allowed  to  remain  for  twelve  hours  at  the  ordi- 
nary temperature  of  the  laboratory,  and  filtered.  The  filtrate  contains  all  the 
propionic  acid  as  basic  lead  salt,  together  with  some  formate  and  acetate  of 
lead  ;  the  filtrate  is  now  boiled,  when  the  basic  propionate  of  lead  separates, 
and  may  be  collected  on  a  filter  by  filtering  hot,  the  formate  and  acetate  of 
lead  remaining  dissolved  in  the  filtrate  (Linnemann). 
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PRELIMINARY  REMARKS 

On  the  Course  of  Qualitative  Analysis  in  General,  and  on  the 
Plan  of  this  Part  of  the  Present  Work  in  Particular. 

The  knowledge  of  reagents  and  of  the  behaviour  of  substances  with 
them  enables  us  to  ascertain  at  once  whether  a  simple  compound  of 
which  the  physical  properties  permit  an  inference  as  to  its  nature  is  m 
reality  what  we  suspect  it  to  be.    Thus,  for  instance,  a  few  simple 
reactions  suffice  to  show  that  a  substance  which  appears  to  be  calcareous 
spar  is  really  carbonate  of  Hme,  and  that  another  which  we  hold  to  be 
gypsum  is  actually  sulphate  of  hme.    This  knowledge  usually  suffices 
also  to  ascertain  whether  a  given  substance  is  present  or  not  in  a 
mixture ;  for  instance,  whether  or  not  a  white  powder  contains  mer- 
curous  chloride.    But  if  our  design  is  to  ascertain  the  chemical  nature 
of  a  substance  entirely  unknown  to  us — if  we  wish  to  discover  all  the 
constituents  of  a  mixture  or  chemical  compound— if  we  intend  to  prove 
that,  besides  certain  substances  which  we  have  detected,_no  other  can 
possibly  be  present — if  consequently  a  complete  qualitative  analysis  is 
our  object,  the  mere  knowledge  of  the  reagents,  and  of  the  reactions  of 
different  substances  with  them,  will  not  suffice ;  the  additional  know- 
ledge of  a  systematic  course  of  analysis  is  reqmred — in  other  words, 
the  knowledge  of  the  order  in  which  solvents  and  general  and  special 
reagents  should  be  applied,  both  to  effect  the  speedy  and_  certain 
detection  of  every  element  present,  and  to  prove  with  certainty  the 
absence  of  all  others.   If  we  do  not  possess  the  knowledge  of  this  syste- 
matic course,  or  if,  in  the  hope  of  attaining  our  object  more  rapidly,  we 
adhere  to  no  method,  analysis  becomes  (at  least  in  the  hands  of  a 
novice)  mere  guess-work,  and  the  results  obtained  are  no  longer  the 
fruits  of  scientific  calculation,  but  mere  matters  of  accident,  which 
may  sometimes  prove  lucky  hits,  and  at  others  total  failures. 
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Every  analytical  investigation  must  therefore  be  based  upon  a 
definite  method,  although  it  is  not  by  any  means  necessary  that  this 
method  should  be  the  same  in  all  cases.  Practice,  reflection,  and  a 
due  attention  to  circumstances  will,''on  the  contrary,  generally  lead  to 
the  adoption  of  different  methods  for  different  cases.  All  analytical 
methods,  however,  agree  in  this,  that  the  substances  to  be  looked  for 
are  in  the  fii-st  place  classed  into  groups,  which  are  then  again  sub- 
divided, until  the  individual  detection  of  the  various  substances  present 
is  finally  accomplished.  The  diversity  of  analytical  methods  depends 
partly  on  the  order  in  which  reagents  are  applied,  and  partly  on  their 
selection. 

Before  we  can  venture  on  inventing  methods  of  our  own  for  indi- 
vidual cases,  we  must  make  ourselves  thoroughly  conversant  with  a 
course  of  chemical  analysis  in  general.  This  system  must  have  been 
proved  by  experiment,  and  must  be  adapted  to  every  imaginable  case 
so  that,  when  we  have  acquired  some  practice  in  analysis,  we  may  be 
able  to  determine  which  modification  of  the  general  method  will  be  best 
adapted  to  a  given  case. 

The  exposition  of  such  a  systematic  course,  adapted  to  all  cases 
tested  by  experience,  and  combining  simplicity  with  the  greatest  pos- 
sible security,  is  the  object  of  the  First  Section  of  this  part. 

The  elements  and  compounds  comprised  in  it  are  the  same  which 
have  been  considered  in  Part  I.,  with  the  exception  of  those  discussed 
more  briefly,  and  marked  by  the  use  of  smaller  type. 

The  arrangement  is  such  that,  if  the  course  laid  down  is  adhered  to, 
the  object  will  be  quickly  and  certainly  attained. 

The  subdivisions  of  this  systematic  course  are, — 

1.  Preliminary  Examination ; 

2.  Solution ; 

3.  Actual  Examination. 

The  third  subdivision  (the  Actual  Examination)  is  again  divided 
into  the  examination  of  compounds  in  which  but  one  base  and  one  acid  are 
assumed  to  be  present,  and  the  examination  of  mixtures  or  compounds 
in  which  all  the  substances  treated  in  the  present  work  are  assumed  to 
be  present.  With  respect  to  the  latter,  it  should  be  noted  that,  where 
the  preliminary  examination  has  not  clearly  demonstrated  the  absence 
of  certain  groups  of  substances,  the  student  cannot  safely  disregard  any 
of  the  paragraphs  to  which  reference  is  made  in  consequence  of  the 
reactions  observed.  In  cases  where  the  intention  is  simply  to  test  a 
mixture  for  certain  substances,  and  not  to  ascertain  all  the  constituents 
present,  it  will  be  easy  to  select  the  particular  numbers  which  ought  to 
be  attended  to. 

The  construction  of  a  systematic  course  of  analysis  which  shall  be 
universally  applicable  requires  due  provision  for  every  contingency  that 
can  possibly  arise,  but  it  is  self-evident  that,  although  in  the  system 
here  laid  down  the  various  substances  comprised  in  it  are  assumed  to  be 
mixed  up  together  in  every  conceivable  way,  they  must  also  be  assumed 
to  be  free  from  organic  matters,  as  otherwise  many  reactions  would  be 
hindered  or  modified. 

Although  the  general  analytical  course  laid  down  here  is  devised 
and  arranged  in  a  manner  to  suit  all  possible  contingencies,  yet  there 
are  special  cases  in  which  it  may  be  advisable  to  modify  it.    A  preli- 
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minary  treatment  of  the  substance  is  also  sometimes  necessary,  before 
the  actual  analysis  can  be  proceeded  with;  the  presence  of  colouring  or 
slimy  organic  matters  more  especially  requires  certain  prelimmary 
operations  The  Second  Section  will  be  found  to  contain  a  detailed 
description  of  the  special  methods  employed  to  meet  certain  cases  which 
frequently  occur.  Some  of  these  methods  show  how  the  analytical 
process  becomes  simplified  as  the  number  of  substances  to  be  looked  tor 

cTGCrG<tSGS 

Lastly,  as  the  intelligent  and  successful  performance  of  analysis  is 
possible  only  with  an  accurate  knowledge  of  the  principles  whereon 
the  detection  and  separation  of  substances  depend,  an  explanation  of 
the  general  analytical  process  is  given  in  the  Third  Section  along 
with  numerous  additions  to  the  practical  operations.  As  this  third 
section  may  properly  be  regarded  as  the  key  to  the  first  and  second 
sections,  students  are  strongly  recommended  to  make  themselves  early 
and  thoroughly  acquainted  with  it.  A  special  section  is  devoted  to 
this  theoretical  explanation,  as  it  will  be  understood  better^  in  a  con- 
nected form  than  it  would  have  been  by  explanatory  additions  to  the 
several  paragraphs,  which,  moreover,  might  have  materially  interfered 
with  the  perspicuity  of  the  practical  process. 

In  this  third  section  also,  the  author  points  out  in  what  residues, 
solutions,  precipitates,  &c.,  which  are  obtained  in  the  systematic  course 
of  analysis,  the  more  rarely  occurring  elements  may  be  expected  to  be 
met  with ;  and  also  gives  instructions  how  to  proceed  with  a  view  to 
ensure  the  detection  of  these  elements  systematically. 


SECTION  1. 

PRACTICAL  PROCESS  FOR  THE  ANALYSIS  OF 
COMPOUNDS  AND  MIXTURES  IN  GENERAL. 

L  PRELIMINARY    EXAMINATION  * 

In  the  first  place,  the  external  properties,  such  as  the  colour,  If 
shape,  hardness,  gravity,  odour,  &c.,  of  the  substance  should  be 
examined,  as  from  these  it  is  often  possible  in  some  measure  to  infer 
its  nature.  If  the  qua,ntity  of  the  substance  is  limited,  it  is  as  well, 
before  proceeding,  to  consider  how  much  may  safely  be  spared  for 
the  preliminary  examination.  The  habit  of  economy  is  in  all  cases 
advisable,  even  when  there  is  plenty  of  the  substance  to  hand.  It 
should,  moreover,  be  a  fixed  rule,  under  all  circumstances,  never  to 
use  up  the  whole  of  a  substance,  but  always  to  keep  a  portion  of  it 
for  unforeseen  contingencies,  and  for  confirmatory  experiments. 

*  Consult' also  tlie  observations  in  the  Third  Section  of  Part  II. 
t  These  marginal  numbers  are  simply  intended  to  facilitate  reference. 
QUAL.  '  a 
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[§  176. 


A.  THE  BODY  UNDER  EXAMINATION  IS  SOLID. 

§  176. 

I. — It  is  neither  a  Metal  nor  an  Alloy. 

1.  The  substance  is  ready  for  examination,  if  in  powder  or  in  2 
minute  crystals  ;  but  in  the  case  of  larger  crystals  or  solid  pieces,  a 
portion  must,  if  practicable,  be  first  reduced  to  fine  powder.  Bodies 

of  the  softer  kind  may  be  ground  up  in  a  porcelain  mortar ;  those 
of  a  harder  nature  must  first  be  broken  into  small  pieces  in  a  steel 
mortar^  or  upon  a  steel  anvil,  and  the  pieces  then  ground  in  an 
agate  mortar. 

2.  Some  of  the  powder  is  put  into  a  glass  tube  3 
abovit  60  m.m.  long  and  5  m.m.  wide,  sealed  at  one 
end  or  blown  out  into  a  small  bulb,  and  is  heated  at 
first  gently  over  the  spirit  lamp  or  gas  lamp,  then  intensely  in 
the  blowpipe  flame,  or  in  the  gas  lamp  with  chimney.  The  reac- 
tions which  take  place  may  lead  to  many  positive  or  probable  con- 
clusions regarding  the  nature  of  the  substance.  The  follovving  are 
the  most  important  of  these  reactions,  to  which  particular  attention 
ought  to  be  paid ;  it  often  occurs  that  several  of  them  are  observed 

in  the  case  of  one  and  the  same  substance. 

a.  The   substance   remains   unaltered:   absence  of  4 
organic  matters,  salts   containing  water   of  crystalKzation, 
readily  fusible  matters,  and  volatile  substances  (except  car- 
bonic acid,  which  often  escapes  without  visible  change). 

h.  The  substance  does  not  melt  at  a  moderate  5 
heat,  but  simply  changes  colour.  Prom  white  to 
yellow,  turning  white  again  on  cooling,  indicates  oxide  of 
zinc  ;  from  white  to  yellowish-brown,  turning  to  a  dirty  pale 
yellow  on  cooling,  indicates  stannic  oxide;  from  white  or 
yellowish-red  to  brownish-red,  turning  to  yellow  on  cooling, 
the  substance  fusing  at  a  red  heat,  indicates  oxide  of  lead; 
from  white,  or  pale  yellow,  to  orange  yellow,  up  to  reddish- 
brown,  turning  pale  yellow  on  cooling,  the  body  fusing  at  an 
intense  red  heat,  indicates  oxide  of  bismiuth;  from  white  or 
yellowish-white  to  dark  brown,  remaining  dark  brown  when 
cold,  indicates  oxide  of  manganese  (the  carbonate,  for 
instance);  if  it  becomes  bright  reddish-brown  on  cooHng,  it 
indicates  oxide  of  cadmium  (carbonate,  for  example) ;  from 
bright  blue  or  green  to  black,  points  to  carbonate  of 
copper;  from  grayish-white  to  black  indicates  ferrous  car- 
bonate; from  brownish-red  to  black,  turning  brownish-red 
again  on  cooling,  indicates  ferric  oxide;  from  yellow  to 
dark  orange,  the  substance  melting  at  an  intense  heat,  indi- 
cates neutral  chromate  of  potassa;  from  bright  red  to 
dark  red,  and  then  a  violet  black,  turning  bright  red  again  on 
cooling,  and  yielding  a  sublimate  of  mercury  when  heated  to 
bright  redness,  indicates  oxide  of  mercury;  from  bright 
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red  to  brown,  becoming  bright  red  on  cooling,  red  lead;  it 
leaves  yellow  fused  oxide  of  lead  when  very  strongly  heated. 

c.  The  substance  melts  without  giving  off  aqueous  6 
vapours.    If  on  intense  heating,  gas  (oxygen)  is  evolved,  and 

-ix  small  fragment  of  charcoal  thrown  in_  is  energeticaUy  con- 
sumed, nitrates  or  chlorates  are  indicated. 

d.  Aqueous  vapours  are  expelled,  which  condense  7 
on  the  colder  part  of  the  tube  :  this  indicates— 

(a)  Substances  containing  water  of  crystalliza- 
tion, in  which  case  they  will  usually  fuse  readily,  and  re- 
sohdify  after  the  water  has  been  driven  off;  many  of  these 
swell  up  considerably  as  the  water  passes  off:  borax  and 
alum,  for  example; 

(i(3)  Decomposable  hydrates,  or  salts  containing  chemi- 
cally combined  water,  in  which  case  the  substance  very  often 
will  not  fuse ; 

(y)  Anhydrous  salts,  holding  water  mechanically 
inclosed  between  their  lamellse,  in  which  case  the  sub- 
stance decrepitates ; 

(S)  Compounds  to  which  moisture  adheres  externally; 

(e)  Salts  of  ammonia  which  are  decomposed  with  formation 
of  water,  such  as  nitrate  of  ammonia,  which  simultaneously 
yields  nitrous  oxide ;  a  glowing  chip  of  wood  ignites  in  the 
gas. 

The  liquid  condensed  in  the  tube  is  tested  to  see  if  it  is  acid 
or  alkaline ;  if  alkaline,  ammonia  is  indicated ;  if  acid,  a  vola- 
tile acid  (sulphuric,  sulphurous,  hydrofluoric,  hydrochloric,  hydro- 
bromic,  hydriodic,  acetic,  &c.)  is  present. 

e.  The  substance  decrepitates  without  giving  off  water.  This 
indicates  certain  anhydrous  minerals  which  possess  this  pro- 
perty, for  instance,  heavy  spar,  zinc  blende,  galena,  spathic 
iron,  plumbocalcite,  &c. 

/.  Gases  or  vapours  escape.     Observe  whether  they  8 
have  a  colour  or  odour,  an  acid  or  alkaline  reaction,  whether 
they  are  inflammable,  &c. 

aa.  Oxygen  indicates  oxides  of  the  noble  metals,  per- 
oxides, chlorates,  nitrates,  &c.  A  glowing  chip  of  wood  is 
re-lighted  in  the  evolved  gas. 

hh.  Sulphurous  acid  is  produced  by  the  decomposition  of 
sulphites  of  the  heavy  metals  and  of  many  of  the  sulphates ; 
also  when  mixtures  of  sulphides  of  the  metals  with  sulphates 
are  ignited ;  it  may  be  known  by  its  odour  and  by  its  acid 
reaction. 

cc.  Hyponitric  acid,  resulting  from  the  decomposition  of 
nitrates,  especially  those  of  the  heavy  metals ;  it  may  be 
known  by  its  brownish-red  colour,  and  the  odour  of  the 
fumes. 

S2 
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del.  Carbonic  acid  indicates  carbonates  decomposable  by 
beat,  or  oxalates  of  reducible  metals,  such  as  oxalate  of 
copper.  The  gas  is  colourless  and  odourless,  non-inflammable ; 
a  drop  of  lime  water  on  a  watch-glass  becomes  turbid  on 
exposure  to  the  evolved  gas. 

ee.  Carbonic  oxide  indicates  oxalates  and  also  formates, 
,  The  gas  burns  with  a  blue  flame.  In  the  case  of  oxalates, 
the  carbonic  oxide  is  generally  mixed  with  carbonic  acid — 
for  instance,  from  oxalate  of  magnesia — and  is  therefore  more 
difficult  to  kindle  :  in  the  case  of  formates,  there  is  marked 
carbonization.  Oxalates  evolve  carbonic  acid  when  mixed 
with  bin  oxide  of  manganese,  a  Httle  water,  and  some  concen- 
trated sulphuric  acid  on  a  watch-glass;  formates  evolve  no 
carbonic  acid  under  similar  circumstances. 

ff.  Chlorine,  bromine,  or  iodine  indicates  decomposable 
chlorides,  bromides,  or  iodides.  The  gases  are  readily  recog- 
nized by  their  colour  (greenish-yellow,  brownish-red,  and 
violet)  and  odour.  Iodine,  if  evolved  in  any  quantity,  forms 
a  black  sublimate  (compare  9)- 

gg.  Cyanogen  and  hydrocyanic  acid  indicate  cyanides 
decomposable  by  heat  (such  as  mercuric  cyanide  and  prussian- 
blue).  Both  may  be  recognized  by  their  odour ;  and  the 
cyanogen,  when  tolerably  pure,  by  the  crimson  flame  with 
which  it  burns. 

hh.  Sulphuretted  hydrogen  indicates  sulphides  contain- 
ing water  (also  hyposulphites) ;  the  gas  may  be  readily  known 
by  its  odour. 

ii.  Ammonia,  resulting  from  the  decomposition  of  am- 
moniacal  salts,  of  cyanides  containing  water,  or  of  nitro- 
genous organic  matters;  in  the  latter  case,  browning  or 
carbonization  takes  place,  and  usually  ofiensive  empyreu- 
matic  oils  escape  with  the  ammonia. 

g.  A  sublimate  is  formed.    This  indicates  volatile  sub-  ^ 
stances :  the  following  are  those  more  frequently  met  with  : — 

aa.  Sulphur.  Given  ofi"  by  mixtures  and  by  many  of  the 
metallic  sulphides.  Sublimes  in  reddish-brown  drops,  which 
on  cooling  sohdify,  and  turn  yellow  or  yellowish-brown. 

hh.  Iodine.  Given  off  by  mixtures,  many  iodides,  iodic 
acid,  &c.    Violet  vapour,  black  sublimate,  odour  of  iodine. 

CO.  Ammonia  salts  give  white  sublimates;  heated  with 
carbonate  of  soda  and  a  drop  of  water  on  platinum  foil,  they 
evolve  ammonia. 

del.  Mercury  and  its  compounds.  Metallic  mercury 
forms  globules ;  sulphide  of  mercury  is  black,  but  ac- 
quires a  red  tint  when  rubbed ;  mercuric  chloride  fuses 
before  volatilizing ;  mercurous  chloride  sublimes  without 
previous  fusion,  the  sublimate,  which  is  yellow  whilst  hot, 
turns  white  on  cooling.  The  red  iodide  of  mercury 
gives  a  yellow  sublimate. 
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ee  Arsenic  and  its  compounds.  Metallic  arsenic 
forms  the  well-known  arsenical  mirror;  arseniaus  acid 
tZ  small  shining  crystals;  the  -Ipl-des  o  arsenic 
give  subKmates  which  are  reddish-yellow  whilst  hot,  and  tuin 
yellow  on  cooling. 

ff  Oxide  of  antimony  fuses  to  a  yeUow  liquid  before 
subliming.    The  subHmate  consists  of  brilHant  needle.s. 

aa  CHloride  of  lead.  It  melts  to  a  yellow  liquid 
before  any  subhmate  is  formed.  The  sublimate  is  white,  and 
volatihzes  with  difficulty. 

M.  Benzoic  acid  and  succinic  acid.  White  crystal- 
line sublimates.  The  officinal  impure  acids  may  be  known 
by  the  odour  of  their  fumes. 

a  Salicylic  acid.  A  white  crystaUine  sublimate.  If 
quickly  and  strongly  heated,  it  gives  off  an  odour  of  phenol. 

hk  Hydrated  oxaUc  acid.    White  crystalline  subhmate, 
thick  instating  vapours  in  the  tube.    On  iieatmg  a  sma  1 
portion  on  platinum  foil  with  a  drop  of  concentrated  sul- 
phuric apid,  there  is  a  copious  evolution  of  gas. 
h  Carbonization  takes  place:  organic  substances.  This  10 
is  always  attended  with  evolution  of  gases  (acetates  evolve 
acetone)  and  water  ;  the  latter  has  an  alkaHne  or  acid  reaction. 
An  odour  of  burnt  hair  indicates  nitrogenous  organic  matter. 
If  the  residue  effervesces  with  acids,  whilst  the  original  sub- 
stance did  not  show  this  reaction,  organic  acids  may  be  assumed 
to  be  present  in  combination  with  alkahes  or  alkahne  eartlis. 
Salts  containing  readHy  reducible  metaUic  oxides  m  combina- 
tion with  organic  acids— acetate  of  copper,  for  example— often 
leave  the  metal  behind,  and  as  the  carbon  is  burnt  at  the  expense 
of  the  metaUic  oxide,  the  residue  may  contain  little  or  no  carbon. 

3  A  small  portion  of  the  substance  is  placed  on  a  11 
charcoal  support  (in  the  cavity  scooped  out  for  the  purpose), 
and  exposed  to  the  inner  blowpipe  flame. 

As  most  of  the  reactions  described  under  2  (3—10),  when  the 
substance  is  heated  in  a  glass  tube,  also  occur  when  this  method  is 
used,  only  those  phenomena  will  be  noticed  which  are  pecuhar  to 
this  'mode  of  operation.  Evolution  of  sulphurous  acid,  when  the 
flame  plays  upon  the  sample,  generally  indicates  a  sulphide,  it 
the  aUiaceous  odour  of  arsenic  is  noticed,  this  indicates  arsenic  or 
an  arsenic  compound.  An  odour  of  ammonia  points  to  certain 
ammonia  compounds,  such  as  carbonate  of  ammonia.  If  the  char- 
coal burns  vigorously,  this  usually  indicates  nitrates  or  chlorates. 
Care  should  be  taken  to  avoid  inhahng  the  vapours  of  substances 
which  have  yielded  a  sublimate  when  heated  in  the  glass  tube. 

Besides  those  pst  mentioned,  the  following  reactions  will  permit 
of  tolerably  accurate  conclusions  being  formed  as  to  the  nature  of 
the  substance. 

a.  The  substance  melts,  and   is  absorbed   by   the  12 
charcoal  or  forms  a  bead  in  the  cavity,  without  any 
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incrustation;  this  indicates  more   particularly  salts  of  the 
alkalies. 

h.  An  infusible  white  residue  remains  on  the  char-  13, 
coal,  either  at  once  or  after  previous  melting  in  its  water  of 
crystallization;  this  indicates  more  especially  baryta,  strontia, 
lime,  magnesia,  alumina,  oxide  of  zinc  (this  appears  yellow  whilst 
hot),  and  silicic  acid.  Amongst  these  substances,  strontia, 
lime,  magnesia,  and  oxide  of  zinc  are  distinguished  by 
strong  luminosity  in  the  blowpipe  flame;  and  the  alkaline 
earths,  in  that  they  give  an  alkaline  reaction  whether  uncom- 
bined  or  in  the  state  of  sulphides,  A  drop  of  nitrate  of  cobalt 
solution  is  added  to  the  ignited  white  infusible  mass,  and  it  is 
again  strongly  heated ;  a  change  of  colour  then  takes  place.  The 
following  are  characteristic  :  a  brilliant  blue  indicates  alumina 
or  silica;  green,  oxide  of  zinc;  whilst  a  violet  colour  points 
to  phosphate  or  arsenate  of  magnesia.  It  must  be 
noted  that  a  blue  coloration  more  or  less  marked  is  produced 
with  phosphates  of  the  alkaline  earths. 

In  the  case  a  or  h,  the  preliminary  examination  for  alkalies 
and  alkaline  earths  may  be  completed  by  examining  the  colours 
which  the  substances  impart  to  flame.  For  this  purpose,  a  little 
of  the  substance  is  attached  to  the  loop  of  a  fine  platinum  wire, 
moistened  repeatedly  with  hydrochloric  acid,  di-ied  cautiously 
near  the  border  of  the  flame,  and  then  held  in  the  fusing  zone 
of  the  Bunsen  gas-flame.  The  colorations  caused  by  the  alkalies 
make  their  appearance  first,  followed — after  volatilization  of 
the  alkalies — by  those  of  baryta,  strontia,  and  lime.  Sometimes 
it  is  advisable  in  the  first  place  to  heat  the  substance  in  the 
reducing  flame  before  moistening  with  hydrochloric  acid — as 
when  sulphates  are  present,  for  example,  For  details  see  §  17, 
§  92,  and  §  99. 

c.  The  substance  leaves  a  residue  of  another  14 
colour;  or  reduction  to  the  metallic  state  takes 
place;  or  an  incrustation  forms  on  the  charcoal.  If 
no  inference  can  be  drawn  from  the  previous  experiments,  a 
portion  of  the  powder  is  mixed  with  carbonate  of  soda  and  a 
drop  of  water  (if  ammonia  is  evolved,  this  indicates  the  presence 
of  an  ammonium  compound),  and  is  then  heated  on  charcoal  in 
the  reducing  flame ;  the  residue  in  the  cavity  as  well  as  the 
incrustation  on  the  charcoal  must  be  carefully  noticed.  If  a 
metallic  sulphide  or  arsenide  is  present,  see  H.  If  the  sub- 
stance contains  much  water  of  crystallization,  it  should  be 
heated  for  a  short  time  on  the  lid  of  a  porcelain  crucible, 
and  powdered,  before  being  mixed  with  the  carbonate  of  soda. 

a.  If  a  metallic  globule  is  obtained,  without  incrustation  15 
of  the  charcoal,  this  indicates  gold  or  co23per;  the  latter 
is  at  once  recognized  by  the  green  coloration  of  the  flame. 
The  oxides  of  platinum,  iron,  cobalt,  and  nickel  are  also 
reduced,  but  they  do  not  yield  a  metallic  globule. 

^.  An  incrustation  is  formed  on  the  charcoal  support  16 
either  with  or  without  a  metallic  globule. 
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aa  The  incrustation  is  white,  at  some  distance  from 
the  test  specimen,  and  is  very  readily  dxssxpated  by  heat, 
emitting  a  gai-Uc-like  odour  :  arsenic. 

hb  The  incrustation  is  white,  nearer  the  ^st  ^P^^^^^^^J 
than  in  and  may  be  driven  from  one  part  of  the  support 
S  another  antimony.  Metallic  globules  are  generally 
observed  It  the  same  time,  which  continue  to  evolve  white 
?um  s"  ng  after  heating  with  the  ^^^v.^^^^  ^^^^^  ^^^^^^ 
tinned,  and  on  cooling  become  surrounded  with  crystals 
of  oxide  of  antimony ;  the  globules  are  brittle. 

cc  The  incrustation  is  yeUow  whilst  hot,  but  turns 
white  on  cooling ;  it  is  pretty  near  the  test  specimen  and 
is  volatiUzed  with  difficulty  :  zinc. 

dd  The  incrustation  is  pale  yeUow  whilst  hot,_and 
turn;  white  on  cooling;  it  surrounds  the  test  specimen 
closely,  and  does  not  volatilize  either  m  the  inner  or 
the  outer  flame:  tin.  The  metalhc  globules  formed  at 
the  same  time,  but  only  in  a  strong  reducing  flame,  are 
bright,  readUy  fusible,  and  malleable. 

ee  The  incrustation  is  lemon-yellow,  turning  sul- 
phur-yellow when  cold;  heated  in  ^^e  ^^d^^^^S/^^^'  ^ 
leaves  its  place  with  a  blue  gleam  :  lead.  Readily  fusible, 
malleable  globules  are  formed  at  the  same  time  as  the  in- 
crustation. 

ff.  The  incrustation  is  dark  orange-yeUow  whilst 
hot,"  changing  to  lemon-yellow  on  cooling;  when  heated 
in  the  reducing  flame,  it  leaves  its  place  without  a  blue 
gleam:  bismuth.  The  metallic  globules  formed  are 
readily  fusible  and  brittle. 

qq  The  incrustation  is  reddish-brown,  in  thin  layers 
orange-yeUow;  it  volatilizes  without  a  coloured  gleam: 
cadmium. 

hJi.  The  incrustation  is  dark-red,  white  metallic  globules 
being  formed  at  the  same  time:  silver.  Where  lead 
and  antimony  are  present  at  the  same  time,  the  incrusta- 
tion is  crimson. 

If,  in  any  case,  the  reduction  to  the  metallic  state  is 
incomplete,  the  experiment  should  be  repeated,  mixing 
the  substance  with  carbonate  of  soda  and  a  little  cyanide 
of  potassium;  the  latter  considerably  facUitates  the  re- 

^^In°c^ses  where  a  reduction  to  the  metallic  state  takes 
place,  the  sample  is  moistened  with  water,  cut  out  of  the 
charcoal,  ground  up  in  a  small  agate  mortar,  and  the  particles 
of  charcoal  washed  away  with  water.  The  gold  will  be 
obtained  in  yellow,  the  copper  in  coppery-red,  the  silver  m 
nearly  white,  the  tin  in  grayish-white,  the  lead  m  whitish- 
gray  minute  flakes  or  threads,  the  bismuth  as  a  reddish- 
gray,  the  zinc  as  a  bluish-white,  the  antimony  as  a  gray 
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powder.  When  copper  and  tin,  or  copper  and  zinc,  are 
present  at  the  same  time,  yellow  alloys  are  occasionally 
lormed.  '' 

y.  If  sulphide  of  sodium  is  formed,  which  can  be  easily 
recognized  by  the  method  given  in  §  140,  6,  this  indicates 
the  presence  of  a  sulphate  or  a  sulphite. 

4.  A  small  portion  is  fused  with  a  bead  of  micro- 17 
cosmic  salt  (see  §  84),  and  exposed  for  some  time  to  the 
outer  flame  of  the  blowpipe. 

a.  The  substance  dissolves  readily  and  in  con- 
siderable quantity  forming  a  bead  which  is  clear 
while  hot. 

a.  The  hot  bead  is  coloured : 

Blue,  when  viewed  by  candlelight  inclining  to  violet- 
cobalt; 

Green,  becoming  blue  on  cooling;  in  the  reducing 
flame,  after  cooling,  red — copper;  only,  however, 
if  there  is  plenty  of  copper  in  the  bead ; 

Green,  particularly  fine  on  cooHng,  unaltered  in  the 
reducing  flame — chromium; 

B  r  o  w  n  i  s  h  -  r  e  d,  becoming  light  yellow  or  colourless  on 
cooling ;  in  the  reducing  flame  red  whilst  hot,  yellow 
whilst  cooling,  then  greenish — iron; 

Reddish  to  brownish -red,  yellow  to  reddish-yellow 
or  colourless  on  cooling ;  not  altered  in  the  reducing 
flame — nickel; 

Yellowish-brown,  light  yellow  or  colourless  on  cool- 
ing; in  the  reducing  flame  almost  colourless  (espe- 
cially if  a  little  tin  is  added),  blackish-gray  on  coohng 
— bismuth; 

Light  yellowish  to  opal,  somewhat  opaque  when 
cold;  in  the  reducing  flame  whitish-gray— silver ; 

Amethyst- red,  especially  on  cooling;  colourless  in 
the  reducing  flame,  not  quite  clear — manganese. 

/3.  The  hot  bead  is  colourless  :  j^g 

aa.  It  remains  clear  on  cooling:  antimony, 
alumina,  zinc,  cadmium,  lead,  lime,  mag- 
nesia; the  last  five,  when  added  in  somewhat  large 
proportion  to  the  microcosmic  salt,  give  enamel-white 
beads;  the  bead  of  oxide  of  lead  is  yellowish  if 
saturated; 

hh.  It  becomes  enamel-white  on  cooling,  even 
when  a  small  portion  only  of  the  substance 
has  been  added  to  the  bead  :  baryta,  strontia. 

h.  The    substance   dissolves  slowly   and    only  in  20 
small  quantity: 
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a  The  bead  is  colourless,  and  remains  so  even  after  cool- 
incr'-  the  imdissolved  portion  looks  semi-transparent on 
adding  a  little  ferric  oxide,  it  acquires  the  characteristic 
coloui^of  an  ii-on  bead  :  silicic  acid. 

^.  The  bead  is  colourless,  and  remains  so  after  addition  of 
a  little  ferric  oxide  :  tin. 

c  The  substance  does  not  dissolve,  but  floats  (in  21 
the  metallic  state)  in  the  bead:  gold,  platinum. 
5.  Minerals  are  examined  for  fluorine  as  directed 

As  the  substance  may  be  a  mixture  of  the  most  varied  kind,  it 
is  not  always  possible  to  come  to  a  satisfactory  conclusion  as  to  its 
nature  when  examined  in  this  way.  If  the  phenomena  indicate  a 
mixture  of  two  or  more  substances,  this  must  be  borne  m  mmd  m 
the  subsequent  examination. 

When  the  preliminary  examination  has  been  made,  the  substance 
is  dissolved  as  directed  in  §  180  (32). 

§  177. 

n.  The  Substance  is  a  Metal  or  an  Alloy. 

1.  A  small  portion  of   the  substance  is  heated  with  22 
Avater  acidified  with  acetic  acid.    If  hydrogen  is  evolved, 
this  indicates  a  Hght  metal  (possibly  also  metallic  manganese). 

2.  A  sample  of  the  substance  is  heated  on  charcoal  23 
in  the  reducing  flame   of  the  blowpipe,  and  note  taken 

as  to  whether  the  substance  melts,  whether  an  incrustation  is 
formed,  or  an  odour  emitted,  &c. 

In  this  way  the  following  metals  may  be  detected  with  more  or 
less  certainty :  arsenic  by  the  odour  of  garUc ;  mercury  by  its 
volatility;  antimony,  zinc,  lead,  bismuth,  cadmium,  tin, 
and  silver  by  their  fusibility  and  the  incrustation  on  the  charcoal 
(comp.  16)  ;  copper  by  the  green  colour  of  the  outer  flame.  It  is 
only  when  there  is  a  single  metal  in  a  pure  or  nearly  pure  state,  that 
further  inferences  can  be  drawn  ;  for  instance,  gold  fuses  without 
incrustation;  platinum,  iron,  manganese,  nickel,  and 
cobalt,  when  pure,  do  not  fuse  in  the  blowpipe  flame. 

3.  A  sample  of  the  substance  is  heated  either  in  a  24 
glass  tube  sealed  at  one   end,  before  the  blowpipe,  or 

in  a  gas-burner  furnished  with  a  chimney. 

a.  No  sublimate  is  formed  in  the  colder  part  of 
the  tube  :  absence  of  mercury. 

b.  A  sublimate  is  formed:  presence  of  mercury,  cad- 
mium, or  arsenic.  The  sublimate  of  mercury,  which  consists 
of  small  globules,  cannot  easily  be  confounded  with  that  of 
cadmium  or  arsenic. 


When  the  preliminary  examination  is  finished,  the  substance  is 
dissolved  as  directed  in  §  181  (42)- 
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B.  THE  SUBSTANCE  UNDER  EXAMINATION  IS  A  LIQUID. 

§  178. 

1.  A  small  portion  of  the  liquid  is  evaporated  in  a  25 
platinum  caj)sule,  or  in  a  small  porcelain  crucible,  in  order  to  ascer- 
tain whether  it  contains  anything  in  solution ;  if  there  is  a  residue, 
this  must  be  examined  as  directed  in  §  176. 

2.  Test  with  litmus-paper  (blue  and  red).  26 
a.  The  liquid  reddens  blue  litmus-paper.  This  re- 
action may  be  caused  by  a  free  acid  or  an  acid  salt,  as  well  as 
by  a  metallic  salt  soluble  in  water.  To  distinguish  between 
these  two  cases,  a  small  quantity  of  the  liquid  is  poured  into  a 
watch-glass,  and  a  small  glass  rod,  the  extreme  point  of  which 
has  been  previously  moistened  with  dilute  solution  of  carbonate 

of  soda  is  dipped  into  the  liquid ;  if  the  liquid  remains  clear,  or 
if  the  precipitate  which  may  form  at  first,  redissolves  on  stir- 
ring, a  free  acid  or  of  an  acid  salt  is  present ;  but  if  the  Uquid 
becomes  turbid  and  remains  so,  this  generally  denotes  the  pre- 
sence of  a  soluble  metallic  salt. 

h.  Eeddened  litmus-paper  becomes  blue:  this  indi-  27 
cates  the  presence  of  a  free  alkali  or  an  alkaline  carbonate, 
free  alkaline  earths,  alkaline  sulphides ;  many  other  salts  con- 
taining an  alkali  or,  it  may  be,  an  alkaline  earth,  in  combina- 
tion with  a  weak  acid,  produce  a  similar  eflfect.  The  only  com- 
pounds of  the  heavy  metals  which  have  an  alkahne  reaction 
are  some  of  the  basic  salts,  such  as  basic  acetate  of  lead,  and 
solutions  of  thallious  oxide  and  carbonate  of  thallium. 

3.  The  odour  of  the  liquid  is  noted,  or,  should  this  fail  28 
to  give  any  definite  result,  it  is  distilled  to  ascertain  whether  the 
simple  solvent  present  is  water,  alcohol,  ether,  &c.    If  it  is  not 
water,  the  solution  is  evaporated  to  dryness,  and  the  residue  treated 

as  directed  in  §  176. 

4.  If  the  solution  is  aqueous,  and  has  an  acid  reaction,  a  por-  29 
tion  of  it  is  diluted  largely  with  water.  Should  this  impart  a 
milky  appearance  to  it,  the  presence  of  antimony  or  bismuth  (or 
possibly  also  of  tin)  may  be  inferred.    Comp.  §  121,  9,  and  §  131,  4. 

"When  the  preliminary  examination  is  finished,  the  special  exami-  30 
nation  must  be  proceeded  with.  If  the  solution  is  aqueous,  and 
neutral,  it  can  only  contain  substances  soluble  in  water ;  but  if  it  has 
an  acid  reaction,  arising  from  the  presence  of  free  acid,  the  special 
examination  must  be  conducted  with  due  regard  to  the  possible  pre- 
sence of  compounds  which  are  soluble  in  acids,  although  insoluble  in 
water.  If  only  one  acid  and  one  base  are  present,  the  neutral  aque- 
ous solution  is  examined  as  directed  in  §  182,  the  acid  solution  as 
directed  in  §  185  ;  where  there  is  reason  to  suppose  the  presence  of 
several  bases  and  acids,  the  method  adopted  must  be  that  given  in 
§189.  "With  solutions  of  alkaline  reaction,  the  method  given  in 
§182  should  be  employed,  unless  there  be  reason  to  suppose  the 
presence  of  more  than  one  acid  and  one  base,  when  §  189  must  be 
followed. 


§§  179,  180.] 
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II.  DISSOLUTION  OF  SUBSTANCES, 

or  Classification  of  Substances,  according  to  their  Behaviour 
with  Certain  Solvents.*- 

§  179. 

Water  and  acids  (hydrochloric  acid,  nitric  acid  aqua  regia)  are  31 
the  solvents  used  to  classify  simple  or  compound  substances  and  to 
iolate  the  component  parts  of  mixtures.    The  various  substances 
are  divided  into  three  classes,  according  to  their  behaviour  with 
these  solvents. 

First  class.— Substances  soluble  in  water. 

Second  class.— Substances  insoluble  or  sparingly 
soluble  in  water,  but  soluble  in  hydrochloric  acid, 
nitric  acid,  or  aqua  regia. 

Third  class.— Substances  insoluble  or  sparingly 
soluble  in  water,  hydrochloric  acid,  nitric  acid,  and 
aqua  regia. 

As  the  dissolution  of  alloys  is  more  conveniently  effected  in  a 
somewhat  different  manner,  the  special  method  pursued  m  that  case 
will  be  given  in  §  181. 

The  foUowing  method  is  employed  to  dissolve  the  substance. 


A.  THE  SUBSTANCE  IS  NEITHEE  A  METAL  NOK  AN  ALLOY. 


§  180. 

Simple  Substances.t 

In  examining  a  simple  substance,  its  behaviour  towards  the  32 
more  usual  solvents  is  first  ascertained.  For  this  purpose,  a  small 
quantity  is  treated  successively  with  water,  dilute  hydrochloric 
acid,  concentrated  hydrochloric  acid,  nitric  acid,  and  aqua  regia,  m 
the  order  given,  first  at  the  ordinary  temperature,  and  then  on 
warming. 

If  the  small  sample  dissolves  in  one  of  the  solvents,  a  larger 
amount,  about  1  gram,  is  treated  in  a  similar  manner,  and  the 
solution,  if  aqueous,  is  examined  according  to  §  182  ;  if  m  acid, 
according  to  §  185  ;  whilst  insoluble  or  very  sparingly  soluble  com- 
pounds are  treated  according  to  §  188. 

The  reactions  which  may  take  place  on  treating  a  simple  sub-  33 

*  Consult  the  remarks  in  the  Third  Section  of  the  Second  Part. 

+  This  name  has  been  adopted  for  the  sake  of  brevity,  and  will  frequently  be 
employed  to  indicate  compounds  which  contain  only  one  base  and  one  acid,  or 
one  metal  and  one  non-metal. 
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stance  with  hydrochloric  acid  must  be  carefully  noticed,  and 
live  as  follows  : — 

o.  E  ff  e  r  V  e  s  c  e  n  c  e,  indicating  carbonic  acid  or  sulphuretted 
hydrogen. 

/3.  Evolution  of  chlorine,  indicating  peroxides,  chromates,&c. 

y.  There  is  an  odour  of  hydrocyanic  acid,  indicating 
the  presence  of  insoluble  cyanides  (as,  however,  the  latter  are 
decomposed  in  an  anomalous  manner,  a  separate  section  has 
been  devoted  to  them,  vide  §  204). 

_  In  treating  with  nitric  acid,  the  evolution  of  nitric  oxide  or 
nitrous  acid  indicates  that  an  oxidizing  action  is  taking  place. 
If  the  substance  dissolves  in  acids,  with  simultaneous  separation  of 
sulphur  (which  may  be  recognized  by  its  colour  and  sp.  gr.,  and  may 
be  filtered  oif  after  boiling  for  some  time),  or  if  a  gelatinous  pre- 
cipitate of  hydrated  silicic  acid  is  formed,  the  presence  of  a  sul- 
phide, or  a  sihcate,  decomposable  by  acids  is  indicated.  The  solution 
after  dilution,*  and  filtration  if  necessary,  is  examined  according 
to  §  185,  and  any  insoluble  residue  is  treated  according  to  §  188. 


Mixed  Substances. t 

If  the  substance  to  be  examined  is  a  mixture,  it  is  usually  34. 
advisable  to  separate  the  various  ingredients  from  one  another  by 
means  of  their  different  solubilities.    This  is  best  performed  as 
follows  : — 

1.  From  1  to  3  grams  of  the  finely  pulverized  substance  is  put 
into  a  small  flask  or  a  test-tube,  about  ten  times  the  amount  of  dis- 
tilled water  added,  and  the  mixture  heated  to  boiling  over  a  spirit 
lamp  or  gas  lamp. 

a.  The  substance  dissolves  completely.  In  that  35 
case  it  belongs  to  the  first  class ;  regard  must  be  had  to  what 
has  been  stated  in  the  preliminary  examination  (30)  with 
respect  to  reaction.  The  solution  is  examined  for  the  bases 
according  to  §  189,  and  for  the  acids  as  described  in  §  199  and 
§  200  respectively. 

h.  There  is  an  insoluble  residue  even  after  pro- 36 
longed  boiling.  The  residue  is  allowed  to  subside,  and  the 
liquid  filtered,  if  practicable  in  such  a  manner  that  the  residue 
remains  in  the  test-tube.  A  few  drops  of  the  clear  filtrate  are 
then  evaporated  on  platinum  foil ;  if  nothing  remains,  the 
substance  is  completely  insoluble  in  water ;  in  which  case  pro- 
ceed as  directed  in  37-  If  a  residue  remains,  the  substance 
is  partly  soluble ;  in  this  case,  it  is  repeatedly  boiled  with 
water  so  as  to  dissolve  out  all  the  soluble  ingredients  as  far  as 


*  If  the  solution  becomes  turbid  on  dilution,  the  presence  of  bismuth  or  anti- 
mony is  indicated  ;  the  solution  becomes  clear  again  on  adding  more  hydro- 
chloric acid. 

t  By  mixed  substances  are  understood  compounds  or  mixtures  in  which  the 
more  frequently  occurring  bases,  acids,  metals,  or  non-metala  are  present  together. 
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possible  *  and  the  filtrate  examined  according  to  35  ;  the  in- 
soluble residue  is  treated  as  in  37. 

2  A  small  portion  of  the  residue  which  has  been  boiled  out  37 
.vith  water  is  treated  with  dilute  hydrochloric  acid  If  it  does 
not  dissolve,  it  is  heated  to  boiling,  and  if  this  also  fails^to  effect  com- 
plete solution,  the  clear  supernatant  liquid  is  poured  off  into  another 
test-tube,  and  the  residue  boiled  with  concentrated  hydrochloric 
acid  :  if  it  dissolves,  the  solution  is  added  to  that  already  poured  off. 

*     For  the  phenomena  produced  by  the  action  of  hydi^ochloric  acid 
i.compare  33- 

fl  The  residue  is  completely  dissolved  by  the  38 
hvdrochloric  acid  (except  perhaps  that  sulphur  or  hydrate 
of  sihcic  acid  separates;  see  33).  The  substance  msolub  e  m 
water  or  the  particular  component  parts  of  it,  belong,  there- 
fore to  the  second  class;  pass  on  to  §  190;  the  sulphur  or 
hydrated  silicic  acid,  separated  by  filtration,  is  examined  as 
directed  in  §  203. 

b.  There  is  a  residue  left.  In  that  case  the  test-tube 
containing  the  specimen  which  has  been  boiled  with  the  hydro- 
chloric acid  is  put  aside,  and  the  examination  proceeded  with 
as  in  39- 

3  If  the  hydrochloric  has  not  completely  dissolved  the  sub-  39 
stance  insoluble  in  water,  or  which  has  been  already  exhausted  with 
water  a  fresh  specimen  is  treated  with  boiling  nitric  acid,  and 
water'  subsequently  added.    The  phenomena  which  may  take  place 
are  described  in  33- 

a.  The  sample  is  completely  dissolved,  or  leaves 
no  residue  except  sulphur  or  gelatinous  silicic 
acid  (see  33) ;  in  this  case  also  the  substance  belongs  to  the 
second  class.  The  solution  in  nitric  acid  is  treated  as  directed 
in  §  189,  III.  (109),  and  for  the  rest  as  in  38- 

b.  There  is  still  a  residue  left.    Pass  on  to  40. 

4.  If  the  residue  insoluble  in  water  is  not  completely  soluble  in  40 
hydrochloric  acid  or  in  nitric  acid,  it  should  be  ti^eated  with  nitro- 
hydrochloric  acid.  For  this  purpose,  the  contents  of  the  tube 
treated  with  nitric  acid  is  mixed  with  the  contents  of  the  tube 
treated  with  concentrated  hydrochloric  acid ;  the  mixture  is  then 
heated  to  boiling,  and,  should  this  fail  to  effect  complete  solution,  the 
clear  Hquid  is  decanted  from  the  undissolved  residue,  and  the  latter 
boiled  for  some  time  with  concentrated  nitro-hydrochloric  acid ;  the 
decanted  solution  in  dilute  aqua  regia  as  well  as  the  solution  in  dilute 
hydrochloric  acid,  which  was  decanted  in  37,  ai^e  then  added  to  this. 
The  entire  mixture  is  once  more  heated  to  boiling,  noting  whether 
complete  solution  has  been  effected,  or  whether  the  action  of  the 
concentrated  nitro-hydrochloric  acid  has  still  left  a  residue.  In  the 
latter  case,  the  solution  is  filtered— if  necessary,  after  addition  of 


*  If  the  substance  is  only  sparingly  soluble  in  water,  like  sulphate  of  lime,  for 
example,  boiling  with  water  four  times  will  be  sulficient,  as  it  would  be  very  diffi- 
cult to  completely  exhaust  it  with  boiluig  water. 
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some  water*— the  residue  washed  with  boiling  water,  and  the 
filtrate,  mixed  with  the  washings,  is  treated  as  directed  in  §  190. 
In  the  foriner  case,  the  clear  solution  is  treated  in  the  same  way.f 

4.  If  boiling  nitro-hydrochloric  acid  leaves  a  residue,  it  must  be  4]_ 
washed  thoroughly  with  boiling  water,  and  then  treated  as  directed 
in  §  203. 

33.   THE   SUBSTANCE  IS  A   METAL  OR  AN  ALLOY. 

§  181. 

The  metals  are  best  classed  according  to  their  behaviour  with  42 
nitric  acid,  as  follows  : 

I.  Metals  which  are  not  attacked  by  nitric  acid:  gold, 
platinum. 

IT.  Metals  which  are  oxidized  by  nitric  acid,  but  whose 
oxides  do  not  dissolve  in  an  excess  of  the  acid  or  in  water  (to 
any  extent)  :  antimony,  tin. 

III.  Metals  which  are  oxidized  by  nitric  acid  and  con- 
verted into  nitrates  wliich  dissolve  in  an  excess  of  the  acid  or 
in  water :  all  the  other  metals. 

Chemically  pure  metals  are  but  seldom  the  subject  of  qualitative 
analysis,  for  almost  all  metals  as  met  with  in  commerce  are  ad- 
mixed with  smaller  or  larger  quantities  of  other  metals.  This  being 
the  case,  no  special  description  of  the  manner  of  dissolving  pure 
metals  will  be  given,  but  all  will  be  considered  as  alloys,  the  method 
of  proceeding  being  equally  applicable  to  alloys,  impure  metals,  or 
pure  metals.  In  testing  pure  metals,  it  is  only  necessary  to  treat  a 
very  small  portion  with  nitric  acid ;  whilst  for  the  analysis  of  alloys, 
when  the  small  quantities  of  metals  present  as  impurities  are  not 
taken  into  account,  1  to  3  grams  will  suffice.  If,  on  the  other  hand, 
the  object  is  to  detect  the  traces  of  metallic  impurities  in  metals 
obtained  in  metallurgical  operations — for  example,  in  testing  lead  for 
bismuth,  copper,  antimony,  iron,  zinc,  silver,  &c. — it  is  necessary  to 
employ  from  100  to  200  grams. 

The  sample  is  treated  with  nitric  acid  of  sp.  gr.  1'2,  and,  if 
nitrate  of  lead  separates,  an  equal  volume  of  water  is  added. 

1.  Complete  solution  takes  place,  either  at  once  or  43 
on  adding  water;  this  proves  the  absence  of  platinum, j  gold, 

*  If  the  liquid  becomes  turbid  when  water  is  added,  this  indicates  the  presence 
of  bismuth  or  antimony ;  the  turbidity  wUl  disajjpear  again  on  adding  more  hydro- 
chloric acid. 

t  If  the  acid  solution  deposits  acicular  crystals  on  cooling,  the  latter  generally 
consist  of  chloride  of  lead ;  in  that  case,  it  is  often  advisable  to  decant  the  liquid 
from  the  crystals,  and  to  examine  the  solution  and  the  crystals  sei^arately.  If 
metastannic  chloride  has  been  formed  on  boihng  with  aqua  regia,  the  washing  water, 
dissolving  this,  becomes  turbid  on  dropping  into  the  strongly  acid  liquid  which  has 
run  off  first.  In  that  case,  the  washings  should  be  received  in  a  separate  vessel, 
aud  the  two  solutions  treated  separately  with  sulphuretted  hydrogen  as  du-ected  iu 
§  190,  but  filtered  afterwards  through  the  same  filter. 

t  Alloys  of  silver  and  platinum,  if  the  latter  metal  is  present  in  small  proportion 
only,  dissolve  in  nitric  acid. 
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antimonv*  and  tin.    The  solution  is  examined  as  directed  in 
TlSroi  §  189,  in.  (109),  according  as  there  is  reason  to  suppose 
the  presence  of  only  one  or  of  several  metals. 
2.  A  residue  is  left. 

•  a  It  is  metallic.  The  solution  is  filtered  and  the  filtrate  44 
treated  as  directed  in  §  189,  III.  (109),  after  it  has  been  ascer- 
tained in  the  first  place,  whether  anything  is  dissolved.  The 
resS  is  washed  thoroughly,  dissolved  in  nitro-hydrochloric 
S,  and  the  solution  tested  for  gold  and  platinum,  accord- 
ing  to  §  128. 

h  A  white  pulverulent  residue  indicates  as  a  rule  either  45 
antimony  or  tin.  If  it  may  be  faii^ly  considered  that  only 
one  or  other  of  these  metals  is  present,  it  is  sufficient  to  fuse 
the  washed  and  dried  residue  with  sodium  carbonate  and  a  little 
potassium  cyanide,  on  a  charcoal  support,  in  the  reducing  blow- 
pipe flame,  and  then  to  ascertain  whether  the  bead  of  reduced 
metal  consists  of  ductile  tin  or  brittle  antimony.  If,  however, 
several  metals  may  be  present,  the  examination  becomes  more 
complicated,  as  bismuth  arsenate  is  but  very  httle  soluble  m 
nitric  acid,  and  lead,  copper,  and  other  metallic  oxides  may 
remain  with  the  antimonic  and  metastanmc  acids.  In  this  case, 
it  is  best  to  fuse  the  washed  and  dried  residue  with  about  tour 
parts  of  a  mixture  of  equal  weights  of  sodium  carbonate  and 
sulphur  in  a  well-covered  porcelain  crucible,  allow  the  melt  to 
cool  and  extract  it  with  water.  If  there  is  any  residue,  it  is 
collected,  washed,  dissolved  in  nitric  acid,  and  the  solution 
tested  as  in  §  189,  III.  (109),  for  the  metals  of  the  fourth  and 
fifth  groups.  The  yellow  alkaHne  solution,  on  the  other  hand, 
is  acidified  with  hydrochloric  acid  to  throw  down  the  metals 
of  the  sixth  group ;  the  precipitate  is  washed  and  examined 
according  to  §  192. 

*  Very  minute  traces  of  antimony,  however,  are  often  completely  dissolved  by 
nitric  acid. 
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III.  ACTUAL  EXAMINATION. 

SIMPLE  COMPOUNDS.* 
A.  Substances  Soluble  in  Wateu. 
Detection  of  the  Base.f 
§  182. 

1.  Some  hydrochloric  acid  is  added  to  a  portion  of  the  aqueous  4g 
solution,  which  must  not  be  too  concentrated.    If  the  solution  is 
alkahne,  the  acid  must  be  added  until  it  has  a  decidedly  acid 
reaction. 

a.  No  precipitate  is  formed;  this  indicates  the  absence 
of  silver  and  mercurous  oxide,  and  hkewise  the  absence  of 
lead  in  large  quantity.    Pass  on  to  50- 

h.  A  precipitate  is  formed.^    The  liquid  in  which  the  47 
precipitate  is  suspended  must  be  divided  into  two  portions,  and 
ammonia  in  excess  is  added  to  one  of  them. 

a.  The  23')'ecipitate  redissolves,  mid  the  liquid  becomes  clear  : 
this  shows  that  the  precipitate  is  chloride  of  silver,  and  con- 
sequently that  silver  is  present;  as  confirmatory  tests, 
chromate  of  potassa  is  added  to  the  original  solution,  and 
it  should  also  be  tested  with  sulphuretted  hydrogen  (see 
§  115,  4,  and  §  138,  7). 

/3.  The  precipitate  turns  black :  the  precipitate  is  mer-  48 
curous  chloride,  which  has  now  been  converted  by  the 
ammonia  into  black  amidochloride  of  mercury ;  this  proves 
the  presence  of  mercurous  oxide.  In  order  to  confirm 
this,  the  original  solution  is  tested  with  stannous  chloride  and 
with  metallic  copper  (see  §  116,  7  and  8). 

y.  The  jjrecipitate  remains  unchanged :   it    consists   of  49 
chloride  of  lead,  which  is  not  dissolved  by  ammonia,  and 

*  This  term  is  used  to  designate  compounds  supposed  to  contain  only  one  base 
and  one  acid,  or  one  metal  and  one  non-metallic  element.  The  principal  object  of 
this  chapter  is  to  facilitate  instruction  in  analysis,  as  it  is  advantageous  that  the 
examination  of  complex  compounds  should  be  preceded  by  the  analysis  of  simjjle 
compounds.  In  actual  practical  analysis,  use  can  be  made  of  this  chapter  only 
exceptionally,  as  there  exists  no  outward  sign  by  which  to  judge  whether  a  sub- 
stance contains  only  one  base  or  acid,  or  several. 

f  Arsenious  and  arsenic  acids,  and  silicic  acid  are  included  here. 

J  If  the  solution  is  concentrated  and  strongly  alkaline,  other  substances  may 
be  precipitated  besides  chloride  of  silver,  mercurous  chloride,  and  chloride  of  lead  ; 
thus  hydrated  silicic  acid  may  be  thrown  down,  possibly  also  chloride  of  barium 
and  metastannic  chloride  ;  and  if  the  preliminary  examination  has  indicated  the 
presence  of  an  organic  substance,  the  precix)itate  may  consist  of  benzoic  or  salicj'lic 
acid.  Hydrate  of  silicic  acid  is  gelatinous  ;  chloride  of  barium,  benzoic  acid,  aud 
salicylic  acid  are  crystalline.  None  of  the  compounds  mentioned  above  will  be 
precipitated  if  the  solution  be  diluted  sufficiently,  and  only  a  moderate  quantity 
of  hydrochloric  acid  added. 
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accordingly  indicates  the  presence  of  1  e  a  d .  This  is  confirmed, 
in  the  first  place,  by  diluting  largely  with  water  the  second 
portion  of  the  liquid  in  which  the  precipitate  produced  by 
hydrochloric  acid  is  suspended,  and  then  heating  it ;  if  the 
precipitate  is  chloride  of  lead,  it  will  dissolve ;  finally,  portions 
of  the  original  solution  are  tested  with  sulphuretted  hydrogen, 
and  with  sulphuric  acid  (§  117,  4  and  8). 

2.  To  the  solution  which  has  been  acidified  with  hydrochloric  50 
acid,  sulphuretted  hydrogen  water  is  added  until  it  smells  distinctly 
of  the  gas  after  it  has  been  shaken ;  the  mixture  is  then  heated, 
some  more  sulphuretted  hydrogen  water  added,  and  the  whole 
allowed  to  remain  for  a  short  time.* 

a.  The  liquid  remains  clear.  Pass  on  to  56,  since  this 
is  a  proof  that  lead,  bismuth,  copper,  cadmium,  mercuric 
oxide,  gold,  platinum,  tin,  antimony,  arsenic,  and  ferric  oxide 
ai'e  absent. 

b.  A  precipitate  is  formed. 

a.  The  precipitate  is  white;  it  consists  of  separated  51 
sulphur,  and  indicates  a  substance  which  decomposes  sulphu- 
retted hydrogen. t  Of  the  metalHc  oxides  which  possess 
this  property,  ferric  oxide  is  the  most  common  (§  111, 
3).  The  original  solution  is  tested  for  this  with  ammonia 
and  ferrocyanide  of  potassium  (§111,6).  If  ferric  oxide  is 
not  found,  and,  moreover,  if  there  is  no  change  of  colour 
indicating  the  presence  of  chromic  acid  or  hydroferricyanic 
acid,t  pass  on  to  56- 

|3.  The  precipitate  is  yellow;  it  may  consist  of  sul-  52 
phide  of  cadmium,  sulphide  of  arsenic,  or  stannic  sulphide, 
indicating  either  cadmium,  arsenic,  or  stannic  oxide.  To 
distinguish  between  them,  ammonia  in  excess  is  added  to  a 
portion  of  the  liquid,  with  the  precipitate  suspended  in  it, 
then  some  sulphide  of  ammonium,  and  the  whole  wai-med. 

aa.  The  precipitate  does  not  dissolve:  this  indicates  cad- 
mium, as  sulphide  of  cadmium  is  insoluble  in  ammonia 
and  sulphide  of  ammonium.  Confirm  by  testing  the 
original  substance,  or  the  precipitate  thrown  down  from 

'  If  a  precipitate  is  formed  immediately  tlie  solution  of  sulphuretted  hydrogen 
is  added,  it  is  unnecessary  to  apply  heat,  &c. ;  but  if  the  liquid  remains  clear,  or  is 
rendered  only  slightly  turbid,  the  above  course  of  proceeding  must  be  strictly  fol- 
lowed, so  as  to  guard  against  the  risk  of  overlooking  arsenic  acid  and  stannic  oxide. 

+  If  the  colour  of  the  solution  from  being  reddish  yellow  changes  to  green,  it 
indicates  chromic  acid;  if  it  changes  from  brownish  yeUow  to  brig  lit  blue,  it  is  a 
sign  that  hydroferricyanic  acid  is  present.  In  the  first  case,  two  bases  remain  in 
solution  after  the  action  of  the  sulphuretted  hydrogen,  namely,  oxide  of  chromium, 
and  the  base  which  was  in  combination  with  the  chromic  acid  ;  the  solution  is 
examined  as  described  in  §  194.  In  the  other  case,  the  dry  suljstance  (or  if  an 
aqueous  solution,  the  residue  left  on  evaporation)  is  moistened  with  concentrated 
Bulphuric  acid,  and  heated  in  a  good  draxight  until  the  greater  part  of  the  sulphuric 
acid  has  evaporated.  The  residue  is  dissolved  in  water,  and  the  solution — con- 
taining the  original  base  and  also  oxide  of  iron  arising  from  the  decomposition  of 
the  hydroferrocyauic  acid — is  examined  as  in  §  194. 
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the  original  solution  by  carbonate  of  ammonia,  with  the 

blowpipe  (§  122,  9). 

hh.  The  2}')'ecipitate   dissolves:  this  indicates  stannic 

oxide  or  arsenic:  ammonia  is  added  to  a  small  portion 

of  the  original  solution. 

aa.  A  lohite  p'ect;:)ito^e  is  formed.  Stannic  oxide 
is  present.  Confirm  by  reducing  the  precipitate  before 
the  blowpipe,  with  cyanide  of  potassium  and  carbonate 
of  soda  (§  130,  11),  or  by  adding  nitrate  of  ammonia  to 
the  original  solution  (§  130,  8). 

j3/3.  No  preci2oitate  is  formed.  This  indicates  arsenic. 
Confirm  by  obtaining  an  arsenical  mirror  from  the  origi- 
nal substance  or  from  the  precipitated  sulphide  of  arsenic, 
either  -with  cyanide  of  potassium  and  carbonate  of  soda, 
or  in  some  other  way;  also  heat  some  of  the  original 
substance  with  carbonate  of  soda  in  the  inner  flame  of 
the  blowpipe  (§  132,  12  and  13).  If  the  solution  con- 
tained arsenious  acid,  the  yeUow  precipitate  comes  down 
immediately  the  sulphuretted  hydrogen  is  added;  if 
arsenic  acid,  it  is  not  formed  until  the  solution  has 
been  heated  or  has  stood  for  some  time.  For  further 
information  respecting  the  means  of  distinguishing 
between  the  two  acids  see  §  134,  11. 

y.  The  precipitate  is  orange-coloured;  it  consists  53 
of  sulphide  of  antimony,  and  indicates  antimony.  _  To  con- 
firm this,  the  original  solution  is  tested  with  zinc  in  a  pla- 
tinum capsule  (§  131,  9),  and  examined  according  to  §  134, 
10,  to  ascertain  which  oxide  of  antimony  is  present. 

S.  The  precipitate  is  dark-brown;  it  consists  of  54 
stannous  sulphide,  and  indicates  stannous  oxide.    As  a 
confirmatory  test,  add  some  mercuric  chloride  to  a  portion  of 
the  original  solution  (§  129,  8). 

e.  The  precipitate  is  brownish-black  or  black.  55 
It  may  consist  ,  of  sulphide  of  lead,  sulphide  of  copper,  sul- 
phide of  bismuth,  sulphide  of  gold,  sulphide  of  platinum,  or 
sulphide  of  mercury.  To  distinguish  between  these  different 
sulphides,  the  following  experiments  are  made  with  the 
original  solution. 

aa.  Dilute  sulphuric  acid  is  added  to  a  portion  ;  a  white 
precipitate  indicates  lead.  Use  chromate  of  potassa  as  a 
confirmatory  test  (§  117,  9). 

Ih.  Solution  of  soda  or  potash  is  added  to  a  portion ;  a 
yellow  precipitate  indicates  mercuric  oxide.  Confirm 
by  protochloride  of  tin,  and  copper  (§  119,  6  and  9). 

The  presence  of  mercuric  oxide  can  usually  be  detected, 
inasmuch  as  the  precipitate  produced  on  adding  the  sulphu- 
retted hydrogen  water  is  not  black  until  excess  of  the  re- 
ac^ent  has  been  added ;  the  precipitate  is  white  at  first,  but 
changes  successively  to  yellow,  orange,  and  finally  to  black 
as  thf  precipitant  is  gradually  added  (§  119,  3).    With  very 
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acid  solutions,  the  reaction  with  potassa  or  soda  is  not 
effective  (§119,  4). 

cc.  Ammonia  in  excess  is  added  to  a  portion  ;  if  a  bhiish 
precipitate  is  formed  which  re-dissolves  in  excess  of  the 
precipitant  to  an  azure-blue  colour,  or  even  if  the  ammonia 
simply  colom-s  the  solution  azure-blue,  this  indicates 
copper.  Confirm  with  ferrocyanide  of  potassium  (§  120,  9). 

del  If  the  precipitate  produced  by  ammonia  is  white,  and 
excess  of  ammonia  fails  to  re-dissolve  it,  the  precipitate  is 
collected  on  a  filter,  washed,  and  a  portion  of  it  dissolved  on 
a  watch-glass  in  1  or  2  drops  of  hydrochloric  acid,  with  addi- 
tion of  2  drops  of  water,  and  more  water  added.  If  the 
solution  turns  milky,  this  is  caused  by  basic  chloride  of 
bismuth,  indicating  bismuth.  Confirm  by  testing  some 
i  of  the  original  solution  with  a  solution  of  stannous  chloride 

in  soda  (§  121,  10). 

ee.  Solution  of  ferrous  sulphate  is  added  to  a  portion. 
A  fine  black  precipitate  indicates  gold.  Confirm  by 
heating  the  precipitate  before  the  blowpipe,  or  test  the 
original  solution  with  stannous  chloride  (§  126,  7). 

ff.  Chloride  of  potassium  and  alcohol  are  added  to  a  por- 
tion; a  yellow  crystalline  precipitate  indicates  platinum. 
Confirm  by  igniting  the  precipitate  (§  127,  6). 

3.  Chloride  of  ammonium  *  is  added  to  a  small  portion  of  the  56 
original  solution,  then  ammonia  to  alkaline  reaction,  and,  lastly,  no 
matter  whether  the  ammonia  has  produced  a  precipitate  or  not,  a 
little  sulphide  of  ammonium  ;  if  no  precipitate  separates  in  the  cold, 
the  solution  is  warmed  gently. 

a.  No  precipitate  is  formed;  pass  on  to  62;  for 
iron,  cobalt,  nickel,  manganese,  zinc,  chromium,  alumina,  and 
sihcic  acid  are  not  present.f 

6.  A  precipitate  is  formed. 

a.  The  precipitate  is  hlaclc ;  ferrous  oxide, J  nickel,  57 
or  cobalt.    A  portion  of  the  original  sokition  is  mixed  with 
some  potassa  or  soda. 

aa.  A  dirty  greenish-white  precipitate  is  formed,  which 
soon  changes  to  a  reddish-brown  on  exposure  to  the  air ; 
ferrous  oxide.  Confirm  with  ferricyanide  of  potassium 
(§  110,  8). 

'  The  chloride  of  ammonium  is  used  for  the  purpose  of  preventing  the  precipi- 
tation by  ammonia  of  any  magnesia  which  may  be  present. 

t  With  regard  to  ahimina  and  many  of  these  metals,  the  above  does  not  hold, 
good  in  the  ijresence  of  organic  matter,  especially  of  non-volatile  organic  acids, 
as  these  may  interfere  with  or  prevent  the  precipitation,  not  only  of  alumina  and. 
oxide  of  chromium,  but  also  of  manganese  (§  107,  5).  If,  therefore,  the  original 
substance  contains  organic  matter,  and  if  the  preliminary  examination  pointed  to 
one  of  the  metals  of  the  third  or  fourth  group,  a  ])ortion  of  the  original  substance 
must  be  fused  with  carbonate  and  nitrate  of  soda,  the  melt  soaked  in  water,  warmed 
with  hydrochloric  acid,  filtered,  and  the  filtrate  tested  according  to  56. 

1  Ferric  oxide  would  have  been  found  already  in  51. 

T  2 


2^6  SIMPLE  COMPOUNDS— DETECTION  OF  BASE.  [§  182. 


hh.  A  precipitate  of  a  light  greenish  tint  is  produced, 
which  does  not  change  colour,  either  on  exposure  to  the 
air  or  on  boiling :  nickel.  Confirm  with  ammonia,  and 
addition  of  potassa  or  soda  (§  108,  7). 

cc.  A  sky-blue  precipitate  is  formed,  which  turns  to  light 
red  on  boUing,  or  is  discoloured  and  becomes  brownish : 
cobalt.    Confirm  by  the  blowpipe  (§  109,  15). 

3.  The  precijntate  is  not  black.  5^ 

aa.  If  the  precipitate  is  distinctly  flesh-coloured  it  con- 
sists of  sulphide  of  manganese,  and  indicates  the  presence 
of  protoxide  of  manganese.  To  confirm,  add  soda  to 
the  original  solution,  or  test  before  the  blowpipe  (§  107, 
6  and  13). 

bb.  If  the  precipitate  is  bluish-green,  it  consists  of 
hydrated  sesquioxide  of  chromium,  and  indicates  sesqui- 
oxide  of  chromium.  Confirm  by  testing  the  original 
solution  with  soda,  and  by  the  blowpipe  (§  102,  3  and  9). 

CO.  If  the  precipitate  is  white,  and  does  not  dissolve  on  59 
warming  with  more  sulphide  of  ammonium,*  it  may  consist 
of  hydrate  of  alumina,  hydrate  of  silicic  acid,  or  sulphide  of 
zinc,  and  may  accordingly  point  to  alumina,  oxide  of  zinc,  or 
silicic  acid ;  if  the  latter,  it  is  generally  contained  in  the 
original  solution  as  an  alkaline  silicate.  To  distinguish 
between  these  three  compounds,  soda  is  cautiously  added 
to  a  portion  of  the  original  solution,  to  see  whether  it  pro- 
duces a  precipitate;  more  soda  is  then  added  until  the 
precipitate  first  formed  is  re-dissolved. 

aa.  If  solution  of  soda  produces  no  precipitate,  silicic  60 
acid  must  be  tested  for.  For  this  purpose,  a  portion  of 
the  original  sohition  is  evaporated  to  dryness  with  excess 
of  hydrochloric  acid,  and  the  residue  treated  with  hydi'o- 
chloric  acid  and  water  (§  150,  2) ;  this  leaves  the  silicic 
acid  undissolved.  Determine  the  nature  of  the  alkali 
which  remains  in  solution  according  to  66- 

/3^.  If  soda  produces  a  precipitate  which  re-dissolves  in 
excess,  a  little  sulphuretted  hydrogen  water  is  added  to 
a  portion  of  this  alkaline  liquid  (that  is,  so  that  a  con- 
siderable excess  of  the  soda  remains  unchanged).  A 
white  precipitate  indicates  zinc.  Confirm  by  testing  a 
portion  of  the  original  solution  with  ferricyanide  of 
potassium  (§  106,  12).  If  sulphuretted  hydrogen  pro- 
duces no  precipitate,  chloride  of  ammonium  is  added  to 
the  rest  of  the  alkaline  liquid  and  the  mixture  heated  ; 
a  white  precipitate  insoluble  in  excess  of  chloride  of 
ammonium  indicates  alumina.  As  a  confirmatory 
test  collect  and  wash  this  precipitate  and  ignite  with 
cobalt  solution  before  the  blowpipe  (§  101^  11). 

*  A  white  precipitate  thrown  down  by  siilphide  of  ammonium  and  sohible  in 
excess  of  the  latter  on  warming  would  consist  of  sulphur  ;  this  might  be  produced 
by  the  action  of  some  compound  whicli  destroys  sulphide  of  ammomum  m  alkahue 
solution ;  such  as  a  ferricyanide. 
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ITote  to  58  and  59. 

As  very  minute  quantities  of  impurities  may  impair  the  distinct- 
ness of  the  tints  exhibited  by  the  precipitates  described  in  58  ami 
^9,  it  is  advisable,  in  all  cases  where  their  presence  is  suspected, 
to  adopt  the  following  method  for  the  detection  of  manganese, 
chromium,  zinc,  alumina,  and  silicic  acid.  .  .    ,     i  4.-  „ 

Solution  of  soda  is  added  to  a  portion  of  the  original  solution, 
Irst  in  small  quantity,  then  in  excess. 

aa.  No  2ireci2ntate  is  formed:  this  indicates  silicic  61 
acid;  proceed  as  directed  in  60- 

U.  A  tohitish  precipitate  is  formed,  which  does  not  re- 
dissolve  in  an  excess  of  the  precipitant,  and  speedily  turns 
blackish-brown  on  exposure  to  the  air:  manganese. 
Confirm  by  the  blowpipe  (§  107,  13). 
cc.  A  precipitate  is  formed,  which  re-dissolves  in  excess  of 
y  the  precipitant :  sesquioxide  of  chromium,  alumina, 

,^  oxide  of  zinc. 

aa.  To  a  portion  of  the  alkaline  solution  add  a  little 
sulphuretted  hydrogen  water  (that  is,  so  that  a  consider- 
able excess  of  the  soda  may  remain  unchanged)  ;  a  white 
precipitate  indicates  zinc.  As  a  confirmatory  test,  pre- 
cipitate a  portion  of  the  original  solution  with  carbonate 
of  soda,  collect  and  wash  the  precipitate,  and  heat  it  before 
the  blowpipe  with  nitrate  of  cobalt  (§  106,  8  and  14). 

/3^.  If  the  original  solution  is  green  or  violet,  or  the 
alkaline  solution  is  green,  and  if  the  precipitate  produced 
by  soda  and  re-dissolved  by  excess  is  of  a  bluish  coloiu-, 
sesquioxide  of  chromium  is  present.  As  confirm- 
atory tests,  boil  the  alkaline  solution,  or  try  the  reaction 
before  the  blowpipe  (§  102,  3  and  9). 

yy.  Chloride  of  ammonium  is  added  to  the  alkaline 
solution  and  the  mixture  heated.  A  white  precipitate 
insoluble  in  excess  of  chloride  of  ammonium  indicates 
alumina.  Confirm  by  collecting  and  washing  the  pre- 
cipitate and  heating  it  with  cobalt  solution  before  the 
blowpipe  (§  101,  11). 

4.  Chloride  of  ammonium,  and  carbonate  of  ammonia  mixed  62 
with  some  ammonia,  is  added  to  a  portion  of  the  original  solution, 
;and  the  whole  gently  heated. 

a.  No  precipitate  is  formed:  absence  of  baryta,  stron- 
tia,  and  lime.    Pass  on  to  64- 

h.  A  precipitate  is  formed:  presence  of  baryta  stron-  63 
tia,  or  lime.  The  precipitate  is  collected,  washed,  dissolved  in 
dilute  hydrochloric  acid,  the  solution  evaporated  to  dryness, 
and  the  residue  warmed  with  water  and  filtered ;  to  a  portion 
of  this  solution,  an  equal  volume  of  solution  of  sulphate  of  lime 
is  added. 


278 


SIMPLE  COMPOUNDS— DETECTION  OP  BASE. 


a.  The  solution  does  not  become  turbid,  even  after  the  lapse  of 
five  tojjfteen  minutes  .-lime.  As  a  conHrmatory  test,  a  por- 
tion of  tlie  original  solution  is  boiled  with  a  concentrated 
solution  of  sulphate  of  ammonia,  the  solution  filtered,  and 
oxalate  of  ammonia  added  (§  97,  3  and  5). 

^.  The  solution  becomes  turbid,  but  only  after  the  lapse  of 
sometime:  strontia.  A  portion  of  the  original  solution  is 
evaporated  to  dryness  after  the  addition  of  hydrochloric  acid, 
and  the  residue  tested  by  the  flame  coloration  (§  96,  7  or  8). 

y.  A  precipitate  is  immediately  formed:  baryta.  As  con- 
firmatory tests  use  hydrofiuosihcic  acid  or  dichromate  of 
potassa  (§  95,  6  and  9). 

5.  Phosphate  of  soda  is  added  to  that  portion  of  the  solution  in  64 
which  chloride  of  ammonium  and  carbonate  of  ammonia  failed  to 
produce  a  precipitate  (62),  some  moi'e  ammonia  is  then  added,  and 
the  sides  of  the  vessel  are  rubbed  gently  with  a  glass  rod. 

a.  No  precipitate  is  formed:  absence  of  magnesia. 
Pass  on  to  65- 

b.  A  crystalline  precipitate  is  formed:  magnesia. 

6.  A  drop  of  the  original  solution  is  evaporated  on  perfectly  65 
clean  platinum-foil  as  slowly  as  possible,  and  the  residue  gently 
ignited. 

a.  There  is  no  fixed  residue:  ammonia.  The  original 
solution  is  tested  by  adding  to  it  hydrate  of  Hme,  and  ob- 
serving the  odour  and  reaction  of  the  escaping  gas,  and  the 
fumes  which  it  forms  with  acetic  acid  (§  91,  3). 

b.  There  is  a  fixed  residue  left:  potassa  or  soda.  66* 
Chloride  of  platinum  is  added  to  a  portion  of  the  original 
solution  (which  if  alkaUne  must  first  be  neutralized  with  hydro- 
chloric acid,  and  if  dilute  must  be  concentrated  by  evaporation 

to  a  small  bulk),  and  the  mixture  shaken  or  rubbed  with  a  glass 
rod. 

a.  No  precipitate  is  formed  even  after  ten  or  fifteen  minutes : 
soda.  Confirm  with  the  flame  coloration  or  with  anti- 
monate  of  potassa  (§  90,  2  and  3). 

|3.  A  yellow  crystalline  2')'>'ecip)itate  is  formed:  potassa. 
Confirm  with  tartaric  acid  or  the  flame  coloration  (§  89,  4 
and  5). 
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SIMPLE  COMPOUNDS. 
A.  Substances  soluble  in  Water. 
Detection  of  the  Aciu. 
I.  Detection  of  Inorganic  Acids. 
§  183. 

In  the  first  place,  it  is  necessary  to  consider  which  of  the  in- 
orinic  acids  form  sol  .ble  compounds  with  the  detected  base  (comp 
Sndi  IV.),  and  this  must  be  borne  in  mind  m  the  subsequent 
f^Sons,  due  regard  being  given  also  to  the  results  of  the  pre- 
liminary  examination. 

1  Arsenious  acid  and  arsenic  acid  have  abeady  been  67 
found  in  the  detection  of  the  base.    They  are  distinguished  from 
each  other  by  their  reactions  with  nitrate  of  silver,  or  with  potassa 
and  sulphate  of  copper  (see  §  134,  11). 

2  The  presence  of  carbonic  acid  in  combination  with  bases,  68 
sulphur  in  combination  with  metals,  and  chromic  acid  and  hy- 
droferricyanic  acid,  have  also  been  indicated  already  m  the  de- 
tection of  the  base.    The  first  two  are  detected  by  their  effervescing 

on  the  addition  of  hydrochloric  acid;  the  escaping  gases  may  be 
distinguished  from  one  another  by  their  odour.  The  presence  of  car- 
bonic acid  may  be  confirmed  by  lime  water  (see  §  149  5)  and  that 
of  sulphuretted  hydrogen  by  acetate  of  lead  (§  156,  4).  iree  car- 
bonic acid  and  free  sulphuretted  hydrogen  in  aqueous  solution  may 
also  be  detected  by  the  same  reagents.  The  presence  of  chromic  acid 
or  hydrof erricyanic  acid  is  invariably  indicated  by  the  yeUow  or  red 
tint  of  the  original  solution,  as  well  as  by  the  change  of  the  red  or 
yeUow  to  a  green,  and  the  separation  of  sulphur,  on  adding  sul- 
phuretted hydrogen  water.  As  confirmatory  tests  for  chromic  acid, 
use  acetate  of  lead  and  nitrate  of  sHver  (§  138,  7  and  8),  and  for 
hydroferricyanic  acid  use  ferrous  sulphate  (§  155,  Appendix). 

3.  A  portion  of  the  solution,  diluted  if  necessary,  is  acidified  69 
with  hydrochloric  acid,  or— if  oxide  of  silver  or  mercurous  oxide 
has  been  found— with  nitric  acid,  and  chloride  of  barium  or  nitrate 

of  baryta  added  as  the  case  may  be.* 

a.  The  liquid  remains  clear:    absence  of  sulphuric 
acid.    Pass  on  to  70- 

A  precipitate  is  produced  as  a  fine  white  pow- 
der: sulphuric  acid..  The  precipitate  should  not  _  dis- 
solve even  when  more  dilute  hydrochloric  or  nitric  acid  is 
added. 

4.  Chloride  of  calcium  solution  diluted  with  4  to  5  volumes  of  70 

*  Should  a  gelatinous  precipitate  of  silicic  acid  form  on  adding  the  hydrochloric 
acid,  the  experiment  is  repeated  after  having  diluted  the  solution  considerably. 
In  this  case,  it  is  also  best  to  add  the  acid  all  at  once  and  not  gradually ;  compare 
§  150,  2. 
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water^  is  added  to  anothei-  portion  of  the  solution  (wliich,  if  it  has 
iin  acid  reaction,  must  first  be  neutralized  or  made  slightly  alka- 
line by  ammonia,  and,  if  necessary,  filtered). 

a.  There  is  no  precipitate;  absence  of  phosphoric 
acid,  silicic  acid,  oxalic  acid,  fluorine,  and  boric  acid  (in  large 
quantity).    Pass  on  to  73. 

b.  A  precipitate  is  formed.    Acetic  acid  is  added  in  71 
excess. 

a.  The  2^recipitate  dissolves  readily:  phosphoric  acid 
or  boric  acid.  To  a  portion  of  the  original  solution, 
chloride  of  ammonium,  sulphate  of  magnesia,  and  ammonia 
are  added ;  a  crystalline  precipitate  shows  the  presence  of 
phosphoric  acid  (§  142,  7).  Boric  acid  should  be  tested 
for  as  in  76. 

^.  The  precipitate  remains  undissolved,  and  after  adding  72 
the  acetic  acid  the  liquid  appears  milk-white ;  the  precipitate 
is  pulverulent :  oxalic  acid.    As  a  confirmatory  test,  treat 
the  original  substance  with  binoxide  of  manganese  and  sul- 
phuric acid  (§  145,  7). 

y.  It  dissolves  loith  difficulty,  and  often  incompletely  ;  tlie 
undissolved flocculent  matter  is  transparent :  silicic  acid  or 
fluorine.  A  portion  of  the  original  solution  is  acidified 
with  hydrochloric  acid,  evaporated  to  dryness,  and  the  residue 
treated  with  water  and  a  little  hydrochloric  acid;  an  in- 
soluble residue  indicates  silicic  acid.  Fluorine  is  detected 
by  applying  the  etching  test  (§  146,  5). 

5.  A  fresh  portion  of  the  solution  is  acidified  with  nitric  acid,  73 
and  solution  of  nitrate  of  silver  added. 

a.  The  solution  remains  clear.  This  is  a  proof  of 
the  absence  of  chlorine,  bromine,  iodine,  ferrocyanogen,  and 
ferricyanogen ;  probably  also  cyanogen  (in  simple  cyanides), 
(Of  the  soluble  cyanides,  cyanide  of  mercury  is  not  precipi- 
tated by  nitrate  of  silver ;  if,  therefore,  mercury  has  been  found 
as  the  base,  cyanide  of  mercury  may  be  present.  For  the 
manner  of  detecting  the  cyanogen  in  the  latter  see  §  155,  11.) 
Pass  on  to  76- 

h.  A  precipitate  is  formed. 

ct.  The  precipitate  is  orange  :  ferricyanogen.    Confii-m  74 
with  ferrous  sulphate  (§  155,  Appendix). 

/8.  It  is  tohite  or  yellowish-white.  The  precipitate  is  treated 
with  ammonia  in  excess — immediately,  if  the  base  is  an  alkali 
or  an  alkaline  earth,  after  filtering  and  washing,  if  the  base 
is  an  earth  or  the  oxide  of  a  heavy  metal. 

aa.  The  precipitate  is  not  dissolved  ;  iodine  or  ferro- 
cyanogen. In  the  former  case,  the  precipitate  is  pale 
yellow,  in  the  latter  white  and  gelatinous.  Confirm,  for 
iodine,  with  starch  and  nitrous  acid  (§  154,  8),  for  ferro- 
cyanogen, with  ferric  chloride  (§  155,  Appendix). 
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^8  The  precipitate  is  dissolved  :  chlorine,  bromine,  75 
or  cyano'^en.  If  the  original  substance  smells  of  hydro- 
cyanic acicf,  and  the  silver  precipitate  dissolves  with  some 
difficulty  in  ammonia,  cyanogen  is  mdicated.  As  a 
confirmatory  test  add  to  the  original  solution  ferrous 
sulphate,  ferric  chloride,  soda,  and  finally  hydrochloric  acid 
(§155,  6).  If  bromine  is  present  the  yellowish-white 
precipitate  dissolves  in  ammonia  with  some  difficulty.  As 
aconfii-matory  test  add  chlorine  water  ;  this  gives  a  yellow 
tint  to  the  original  solution  :  if  the  bromine  is  present  only 
in  small  proportion,  chloroform  or  bisulphide  of  carbon  must 
be  used  in  conjunction  with  the  chlorine  water  (§  153,  6). 
If  neither  bromine  nor  cyanogen  is  present  the  precipitate 
indicates  chlorine.  In  this  case,  it  dissolves  readHy  in 
ammonia;  a  portion  of  the  original  substance  gives  off 
chlorine  when  heated  with  binoxide  of  manganese  and 
sulphiu-ic  acid  (§  152,  6). 

6.  To  a  small  portion  of  the  aqueous  solution,  hydrochloric  acid  76 
is  added  drop  by  drop,  until  the  solution  has  a  distinctly  acid 
reaction ;  a  slip  of  turmeric  paper  is  then  dipped  into  it,  taken  out, 
and  dried  at  100°.  If  the  part  which  has  been  moistened  by  the 
acid  solution  becomes  brownish-red,  boric  acid  is  present.  Con- 
firm by  the  flame  test  (§  144,  5,  7,  8,  or  9). 

7.  With  regard  to  nitric  acid  and  chloric  acid,  these  are  77 
usually  discovered  in  the  preliminary  examination  (5).    As  a  con- 
firmatory test  for  the  former,  use  ferrous  sulphate  and  sulphuric 
acid  (§  159,  6)';  for  the  latter,  treat  the  solid  salt  with  concentrated 
sulphuric  acid  (§  160,  7). 

SIMPLE  COMPOUNDS. 


A.  Substances  soluble  in  Water. 


Detection  of  the  Acid. 
II.  Detection  of  Organic  Acids. 
§  184. 

In  the  iirst  place,  it  is  necessary  to  consider  which  of  the  organic 
acids  form  soluble  compounds  with  the  detected  base  (compare  Appen- 
dix IV.),  and  this  must  be  borne  in  mind  in  the  subsequent  opera- 
tions, due  weight  being  given  also  to  the  results  of  the  preliminary 
examination. 

The  following  course  presupposes  that  the  organic  acid  is  present  78 
in  the  free  state,  or  in  combination  with  an  alkali  or  an  alkaline 
earth.  If,  therefore,  the  base  found  belongs  to  another  group,  it 
must  first  be  removed.  If  the  base  belongs  to  Group  II.  carbonate 
of  soda  is  added  to  the  aqueous  solution  until  the  reaction  is 
.strongly  alkaline,  the  mixture  heated  to  boiling,  and  the  precipi- 
tated carbonate  of  the  alkaline  earth  separated  by  filtration ;  if  the 
base  belongs  to  Group  V.  or  Grovip  VI.  its  removal  is  effected  by 
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sulphuretted  hydrogen ;  if  it  belongs  to  Group  IV,  by  sulphide  of 
ammonium.  After  filtering  off  the  sulphides,  and  removing  the 
excess  of  sulphide  of  ammonium  by  acidifying  with  hydrochloric 
acid,  heating,  and  filtrating  off  the  sulphur,  proceed  to  79-  K  the 
base  is  alumina  or  sesquioxide  of  chromium,  an  attempt  should  be 
made  to  precijoitate  tliese  substances  by  boiling  with  carbonate  of 
soda ;  should  this  fail,  as  it  will  when  the  acid  is  non-volatile,  the 
latter  is  precipitated  in  a  fresh  portion  of  the  solution  with  neutral 
acetate  of  lead,  the  precipitate  washed,  diffused  through  water,  and 
decomposed  by  sulphuretted  hydrogen ;  the  sulphide  of  lead  hi 
removed  by  filtration,  and  the  filtrate  treated  as  directed  below. 
Alumina  may  also  be  precipitated  from  its  compounds  with  non- 
volatile organic  acids  by  solution  of  soluble  glass,  as  silicate  of 
alumina.  To  separate  acetic  or  formic  acid  from  bases  which  in- 
terfere with  their  detection,  the  salt  may  also  be  distilled  with 
dUute  sulphuric  acid. 

1.  If  the  aqueous  solution  is  alkaline,  hydrochloric  acid  must  be  79 
added  until  it  has  an  acid  reaction.    (If  carbonic  acid  is  evolved  in 
this  reaction,  it  must  be  driven  off  by  heating  the  solution.)  Am- 
monia is  now  added  to  the  acid  or  neutral  solution  until  it  has  a 
slightly  alkaline  reaction,  then  cliloride  of  ammonium  and  chloride 

of  calcium  in  sufficient  quantity. 

a.  There  is  no  precipitate,  even  after  shaking  the 
liquid  and  after  the  lapse  of  some  time:*  absence  of 
oxalic  acid  and  tartaric  acid.    Pass  on  to  80- 

b.  A  precipitate  is  formed. 

a.  The  precipitate  takes  some  time  to  form  and  is  crystal- 
line :  tartaric  acid.  Confirm  by  testing  the  behaviour  of 
the  washed  precipitate  with  soda  or  with  ammonia  and 
nitrate  of  silver,  or  by  testing  the  aqueous  solution  with 
acetate  of  potassa  and  acetic  acid  (§  163,  5,  8,  and  4). 

/3.  The  precipitate  forms  immediately  and  is  finely  pul- 
verulent:  oxalic  acid.  As  a  confirmatory  test  acidify  a 
fresh  portion  of  the  aqueous  solution  with  acetic  acid  and 
add  solution  of  sulphate  of  lime  (§  145,  5). 

2.  The  solution  1,  a,  is  heated  to  boiling,  kept  at  that  tempera-  80 
ture  for  some  time,  and  some  more  ammonia  added  to  the  boiling 
liquid. 

a.  It  remains  clear:  absence  of  citric  acid.    Pass  onto 

81. 

h.  It  becomes  turbid,  and  deposits  a  precipitate: 
citric  acid.t  Confirm  by  preparing  the  lead  salt,  washing  it, 
and  testing  its  behaviour  with  ammonia,  in  which  it  readily 

*  It  is  advisable  to  gently  rub  the  sides  of  the  vessel  with  a  glass  rod,  as  otlier- 
■wise  the  crystalline  precipitate  of  tartrate  of  Ume  may  not  separate  for  a  long  time. 
-[Editor.] 

t  If  the  ammonia  contains  carbonic  acid,  a  precipitate  of  carbonate  of  lime  may 
form  here.  Such  a  precipitate  may  be  readily  distmguisbed  from  citrate  of  lime 
by  means  of  hydrochloric  acid. 
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dissolves  ;  or  preferably  by  preparing  the  characteristic  baryta 
salt  and  examining  it  with  the  microscope  (§  164,  G  and  5). 

3.  The  solution  2,  a,  is  mixed  with  2  volumes  of  alcohol.  81 
a.  It  remains  clear  even  after  long  standing  :  absence  of 

maHc  and  succinic  acids.    Pass  on  to  82- 

h.  A  precipitate  is  formed:  malic  or  succinic  acid. 
A  portion  of  the  solution  prepared  according  to  78  is  ren- 
dered quite  neutral  (if  not  already  so)  by  ammonia  or  hydro- 
chloric acid,  and  ferric  chloride  added.  If  a  pale  brownish-red 
precipitate  is  produced,  it  indicates  the  presence  of  succinic 
acid  ;  if  the  solution  remains  clear,  malic  acid  is  present.  As 
a  confirmatory  test  the  lead  salt  of  the  acid  is  prepared,  and  its 
properties  examined.    (Compare  §  165,  5,  and  §  168,  5.) 

4.  A  portion  of  the  original  solution  is  carefully  neutralized  (if  82 
not  already  so)  with  ammonia  or  hydrochloric  acid,  and  ferric  chloride 

is  added. 

a.  A  reddish-yellow  bulky  precipitate  is  formed: 
benzoic  acid.  Confirm  by  treating  the  original  dry  sub- 
stance with  hydrochloric  acid  (§  169,  2). 

h.  A  deep  violet  colour  is  produced:  salicylic  acid. 

c.  The  liquid  acquires  a  tolerably  intense  dark 
red  tint,  and,  on  boiling,  a  light  reddish-brown 
precipitate  separates:  acetic  acid  or  formic  acid.  A 
portion  of  the  original  solid  substance  is  warmed  with  sulphuric 
acid  and  alcohol  (§  172,  7).  If  the  substance  is  in  solution,  it 
must  be  evaporated  to  dryness,  after  it  has  been  neutralized 
with  soda  in  case  it  is  acid,  and  the  residue  tested.  The  odour 
of  acetic  ether  indicates  acetic  acid. 

If  acetic  acid  is  not  present,  the  acid  will  be  formic  acid  : 
confirm  with  nitrate  of  silver  and  chloride  of  mercury  (§  173, 
4  and  6). 

SIMPLE  COMPOUNDS. 

B.    Substances  insoluble  ok  spabinglt  soluble  in  Water, 
BUT  soluble  in  Hydrochlobic  Acid,  Nitric  Acid,  or 

NiTRO-HYDROCHLORIC  ACID. 

Detection  of  the  Base.* 
§  185. 

A  portion  of  the  solution  in  hydrochloric  acid,  nitric  acid,  or  83 
nitro-hydrochloric  acid  is  dilvited  with  water ,t  and  if  the  solvent  was 
nitric  acid,  examined  for  oxide  of  silver,  mercurous  oxide,  and  large 
quantities  of  lead,  by  adding  hydrochloric  acid  to  the  liquid :  comp. 

46  to  49. 

*  Certain  salts  of  the  alkaline  earths  are  inchided  in  this  section,  as  the  coiU"se 
of  examination  leads  directly  to  their  detection. 

t  If  the  solution  becomes  white  and  turbid  on  the  addition  of  water,  or  deposits 
a  white  precipitate,  this  indicates  antimony  or  bismuth  (possibly  also  tin) ;  com- 
pare §  121,  9,  and  §  131,  4.  The  solution  is  heated  with  hydrochloric  acid  until  it 
has  become  clear  again,  then  pass  to  50. 


-b'l'  SIMPLE  COMPOUNDS  SOLUBLE  IN  ACIDS.  [§  185. 

If  the  original  substance  was  dissolved  in  hydrochloric  acid  or 
nitro-hydrochloric  acid,  or  if  hydrochloric  acid  produces  no  precipi- 
tate, a  portion  of  the  solution  is  tested  for  the  mefcals  of  the  second 
division  of  the  fifth  group,  the  metals  of  the  sixth  group  and 
ferric  oxide  by  adding  to  it  some  sulphuretted  hydrogen  water :  see 
50  to  55-  If  the  bases  of  the  fifth  and  sixth  groups  and  ferric 
oxide  are  absent,  pass  on  to  84- 

It  is  to  be  noted  here  that  hydrochloric  acid  when  used  as  a 
solvent  does  not  usually  alter  the  state  of  oxidation  of  the  base 
present,  whilst  nitric  acid  and  nitro-hydrochloric  acid  generally  have 
the  effect  of  raising  it  to  a  higher  state  of  oxidation  either  partly  or 
completely.  Hence  when  mercuric  oxide,  stannic  oxide,  or  ferric 
oxide  is  found,  and  nitric  or  nitro-hydrochloric  acid  has  been  used 
as  the  solvent,  the  original  substance  must  be  examined  specially  to 
ascertain  in  what  state  the  metal  was  present  in  it,  if  this  is  not 
already  known  from  its  behaviour  towards  the  solvents  employed. 
Very  often,  in  the  case  of  mercury  salts  for  instance,  treatment 
with  potassa  or  soda  would  decide  which  of  the  oxides  was  present, 
as  this  reagent  throws  down  yellow  mercuric  oxide  from  the  salts 
of  the  oxide,  and  the  black  mercurous  oxide  from  the  mercurous 
salts,  whilst  the  acid  unites  with  the  alkali  and  can  be  easily 
detected  by  examining  the  filtrate. 

2.  A  small  portion  of  the  solution  is  rendered  slightly  alkaline  84 
with  ammonia,  and  then,  whether  a  precipitate  is  formed  or  not,  am- 
monium sulphide  is  added,  and  the  whole  gently  warmed. 

a.  No  precipitate  is  formed  either  by  the  am- 
monia or  by  the  ammonium  sulphide. 

Absence  of  metallic  oxides  of  the  third*  and  fourth  groups, 
as  also  of  large  quantities  of  the  salts  of  the  alkaline  earths 
mentioned  in  85-t  A  small  quantity  of  the  acid  solution  is 
neutralized  with  ammonia  and  examined  for  the  alkaline  earths 
according  to  62  to  65- 

h.  A  precipitate  is  formed. 

a.  A  hlaclc  precipitate  indicates  ferrous  oxide,  nickel, 
or  cobalt,  detected  as  in.  57- 

^.  A  flesh-coloured  precipitate  :  oxide  of  manganese. 
Confirm  according  to  ^Q,aa. 

y.  A  hlidsh-green  precipitate  indicates  oxide  of  chro- 
mium, and  perhaps  also  phosphate  of  chromium. 
Confirm  with  regard  to  the  chromium  by  58?  In  order  to 
ascertain  whether  the  chromium  is  combined  with  phosphoric 
acid,  the  original  hydrochloric  acid  solution  must  be  evapo- 
rated almost  to  dryness  with  nitric  acid  and  tested  with 
ammonium  molybdate  (§  142,  10). 

S.  A  white  precipitate.    This  may  be  sulphide  of  zinc.  85 
If  this  precipitate  is  produced  by  ammonia  alone,  it  may  also 

*  The  note  f  on  page  275  indicates  that  as  far  as  ahiminium  and  chromium 
oxides  are  concerned,  this  conclusion  is  true  only  under  certain  conditions. 

t  If  small  quantities  of  one  of  these  salts,  as  for  instance  calcium  borate,  is  dis- 
solved in  a  large  excess  of  hydrochloric  acid,  and  excess  of  ammonia  then  added, 
it  wiU  be  retained  la  solution  by  the  ammonium  chloride  which  is  formed. 
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be  alumina,  hydrate  of  silicic  acid,  or  if  the  substance 
is  insoluble  in  water  but  dissolves  in  hydrochloric  acid; 
for  in  that  case  a  white  precipitate  produced  by  ammonia, 
in  presence  of  cliloride  of  ammonium,' may  consist  also  oi  a 
phosphate,  borate,  oxalate,  or  silicate  of  an  alka- 
line earth  or  a  fluoride  of  their  metals,  smce  all 
these  are  insoluble  in  water,  but  dissolve  in  hydrochloric  acid, 
and  (being  only  sparingly  soluble  in  chloride  of  ammonium) 
are  precipitated  agam  on  neutralizing  the  acid.  If  organic 
substances  are  present,  the  precipitate  may  also  be  a  com- 
pound of  tartaric  acid  or  citric  acid  with  certain  ot 
the  alkaline  earths. 

The  following  is  the  method  of  discriminating  between  these 
different  compounds : — 

aa.  If  the  preliminary  examination  gave  indications  86 
of  the  presence  of  silicic  acid  (20),  a  portion  of  the 
hydrocliloric  acid  solution  is  evaporated  to  dryness,  the 
residue  moistened  with  hydrochloric  acid,  and  water  added. 
If  silicic  acid  be  present,  it  will  remain  undissolved.  The 
base  is  determined  in  the  solution  as  directed  in  56  or  62> 
as  the  case  may  be. 

hb.  To  a  portion  of  the  original  hydrochloric  acid  solution, 
potassa  or  soda  is  added  until  it  has  an  alkaline  reaction, 
then  more  of  the  alkali  to  see  whether  the  precipitate  pro- 
duced is  soluble  in  excess  of  the  reagent. 

aa.  No  permanent  precipitate  is  formed.  87 
The  clear  alkaline  liquid  is  divided  into  two  parts ;  to  the 
one  half  cliloride  of  ammonium  is  added,  and  to  the  other 
half  some  sulphuretted  hydrogen  water.  The  formation 
of  a  precipitate  with  chloride  of  ammonium  insoluble  in 
excess  indicates  alumina;  a  precipitate  with  sulphu- 
retted hydrogen  indicates  zinc.  To  ascertain  whether 
the  aluminia  is  present  as  phosphate  it  must  be  examined 
as  directed  in  84,  y- 

A    permanent    precipitate    is  formed; 
presence  of  a  salt  of  an  alkaline  earth. 

1.  In  order  to  test  for  phosphoric  acid  and  the  alka-  88 
line  earth  combined  with  it,  ammonia  is  added  to  a 
portion  of  the  hydrochloric  acid  solution  until  a  pre- 
cipitate forms ;  then  acetic  acid  drop  by  drop  until 
this  is  re- dissolved ;  and  lastly,  acetate  of  soda  and  a 
drop  of  ferric  chloride ;  the  formation  of  a  white 
flocculent  precipitate  indicates  phosphoric  acid. 
More  ferric  chloride  is  now  added  until  the  mixture 
is  distinctly  red,  when  it  is  boiled,  filtered  boiling  hot, 
and  (after  the  iron  which  may  have  been  dissolved  has 
been  removed  by  ammonia)  the  filtrate,  now  free  from 
phosphoric  acid,  is  tested  as  directed  in  63  for  the 
alkaline  earth  with  which  the  phosphoric  acid  was 
combined. 

2.  To  test  for  oxalic  acid,  ammonia  must  be  added 
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to  n  portion  of  the  original  hydrochloric  acid  solution 
until  tlie  greater  part  of  the  free  Jicid  is  neutralized, 
then  to  the  clear  solution  chloride  of  calcium  and  ace- 
tate of  soda;  a  white  precipitate  indicates  oxalic 
acid.  Some  of  the  oi'iginal  substance,  also,  is  put  on 
a  watch-glass,  with  a  few  drops  of  water  and  some  bin- 
oxide  of  manganese  free  from  carbonates ;  some  con- 
centrated sulphuric  acid  is  then  added  (§  145,  7); 
evolution  of  carbonic  acid  indicates  oxalic  acid. 
To  find  the  base,  a  fresh  sample  Ls  ignited,  the  residue 
dissolved  in  dilute  hydrochloric  acid,  and  the  solution 
examined  as  directed  in  63- 

3.  Boric  acid  is  detected  in  the  weak  hydrochlo-  89 
ric  acid  solution  by  turmeric-paper  (§  144,  6),  and  the 
base  combined  with  it,  by  boihng  a  portion  of  the 
original  substance  with  water  and  carbonate  of  soda, 
filtering,  washing,  dissohdng  the  carbonate  formed  in 
the  least  possible  amount  of  dilute  hydrochloric  acid 
and  treating  the  solution  according  to  63- 

4.  Fluorine  is  tested  for  by  heating  a  portion  of 
the  original  substance,  or  of  the  precipitate  produced 
in  the  hydrochloric  acid  solution  by  ammonia,  with 
sulphuric  acid  (§  146,  5).  After  the  fluorine  has  been 
removed,  the  nature  of  the  alkahne  earth  (which  is  in 
the  residue,  in  combination  with  sulphuric  acid)  may 
be  ascertained  by  treating  it  with  hydrochloric  acid, 
and  testing  it  as  described  in  62  for  lime,  and  in  64 
for  magnesia.  If  neither  of  these  is  present,  the 
residue  insoluble  in  hydrochloric  acid  is  tested  for 
baryta  and  strontia  as  in  §  183. 

5.  Tartaric  acid  or  citric  acid  could  only  be 
present  if  the  substance  carbonized  when  ignited  in 
the  glass  tube.  In  that  case,  the  base  combined  -with 
it  is  tested  for  by  boiling  some  of  the  original  substance 
■with  a  solution  of  carbonate  of  soda  and  filtering. 
The  alkaline  earth  is  then  left  on  the  filter  as  carbonate, 
whilst  the  acid  passes  into  solution  as  soda  salt.  The 
precipitate  is  examined  as  directed  in  63;  and  the 
solution  according  to  79  and  80- 

SIMPLE  COMPOUNDS. 

B.  Substances  insoluble  or  sparingly  soluble  in 
Water,  but  soluble  in  Hydrochloric  Acid,  Nitric 
Acid,  or  Nitro-hydrochloric  Acid. 

Detection  of  the  Acid. 

I.  Detection  of  Inorganic  Acids. 

§  186. 

1.  Chloric  acid  cannot  be  present,  as  all  chlorates  are  soluble  90 
in  water;  nitric  acid,  which  may  be  present  in  the  form  of  a 
basic  salt,  would  have  been  already  detected  during  the  ignition  of 
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the  substance  in  a  glass  tube,  and  cyanogen  also  (8).  ^ov  the 
analysis  of  the  cyanides  insoluble  in  water  see  §  204.  The  test 
with  microcosmic  salt  will  have  directed  attention  to  the  presence 
of  silicic  acid:  this  may  be  confirmed  by  evaporating  the  hydro- 
chloric acid  solution  to  dryness,  and  treating  the  residue  with 
hydrochloric  acid  and  water. 

2  Arsenious  and  arsenic  acid,*  carbonic  acid,  chro-  91 
mic  'acid  and  sulphur  in  the  form  of  metallic  sulphides,  would 
have  been  already  detected  in  the  preliminary  examination,  in  the 
process  of  solution,  or  in  the  examination  for  the  base.  Chromic 
acid  would  have  been  indicated  by  the  yellow  or  red  colour  of  the 
substance,  by  the  evolution  of  chlorine  on  boiling  it  with  hydrochloric 
acid  and  by  the  subsequent  detection  of  sesquioxide  of  chromium  m 
the  solution.  This  is  confirmed  by  fusing  with  carbonate  of  soda 
(§138,10). 

3.  A  portion  of  the  substance  is  boiled  with  nitric  acid.  92 

a.  If  nitric  oxide  is  evolved,  and  sulphur  separates,  this 
establishes  the  presence  of  a  metallic  sulphide. 

b.  If  violet  vapours  escape,  the  compound  is  a  metallic 
iodide.t 

c.  If  reddish-brown  fumes  of  a  chlorinous  odour  are  evolved, 
the  compound  is  a  metalHc  bromide;  f  in  this  case  the  fumes 
will  colour  starch  yeUow  (§  153,  8). 

4.  A  small  portion  of  the  nitric  acid  solution — or  of  the  filtrate  93 
of  this  solution,  should  the  nitric  acid  have  left  a  residue — is 
diluted,  and  nitrate  of  silver  added.    A  white  precipitate,  which, 
after  washing,  is  soluble  in  ammonia,  and  fuses  without  decomposi- 
tion when  heated,  indicates  chlorine.f 

5.  A  portion  of  the  substance  is  boiled  with  hydrochloric  acid,  94 
filtered  if  necessary,  diluted  with  water,  and  chloride  of  barium 
added.    A  white  precipitate,  which  does  not  re-dissolve  even  on 
adding  a  large  quantity  of  water,  indicates  sulphuric  acid. 

6.  Boric  acid  is  tested  for  as  directed  in  §  144,  6  or  8.  95 

7.  If  none  of  the  acids  above  enumerated  (1  to  6)  are  present, 
there  is  reason  to  suspect  the  presence  of  phosphoric  acid,  oxalic 
acid,  or  fluorine,  or  the  total  absence  of  acids.  In  most  cases, 
the  presence  of  oxalic  acid  will  have  been  already  noted  in  the 
course  of  the  preliminary  examination  (8).  Phosphoric  acid  will 
have  been  found  already  if  combined  with  an  alkaline  earth,  alumina, 
or  chromium ;  fluorine  if  in  combination  with  an  alkaline  earth, 
and  also  oxalic  acid,  if  combined  with  baryta,  strontia,  or  lime,  84 
to  90>  It  is  unnecessary,  therefore,  to  test  for  them  here  unless 
some  other  base  has  been  found.  For  that  jpurpose,  the  base,  if 
belonging  to  G-roup  Y.  or  VI.,  is  precipitated  with  sulphuretted 

*  Their  behaviour  with  sulphuretted  hydrogen  is  the  best  means  of  distinguish- 
ing between  arsenious  and  arsenic  acids  in  compounds  insoluble  in  water  but  soluble 
in  hydrochloric  acid,  §  134,  11. 

t  Sometimes  it  is  more  convenient,  as  for  instance  in  the  case  of  mercurous  iodide, 
bromide,  and  chloride,  to  test  for  the  halogen  by  boiling  the  substance  with  soda, 
filtering,  and  testing  the  filtrate  according  to  73. 
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liydrogen,  oi'  if  belonging  to  Group  IV.,  with  sulphide  of  ammo- 
nium, and  the  .solution  filtered.  If  sulphide  of  ammonium  has  been 
used  as  the  precipitant,  hydrochloric  acid  is  added  to  the  filtrate  to 
acid  reaction,  the  sulphuretted  hydrogen  is  expelled  by  boiling  in 
either  case,  and  the  solution  filtered  if  necessary.  A  portion  of  tliLs 
solution  is  tested  for  phosphoric  acid,  oxalic  acid,  and  fluorine,  as 
directed  in  70  to  73-  If  the  base  is  alumina,  sesquioxide  of 
chromium,  or  magnesia,  oxalic  acid  is  tested  for  with  binoxido  of 
manganese  and  sulphuric  acid  (§  145,  7) ;  fluorine  with  sulphuric 
acid  (§  146,  5). 

SIMPLE  COMPOUNDS. 

B.  Substances  insoluble  or  sparingly  soluble  in 
Water,  but  soluble  in  Acids. 

Detection  of  the  Acid. 
II.  Detection  of  Organic  Acids. 
§  187. 

1.  Formic  acid  cannot  be  present,  as  all  the  formates  are  96 
soluble  in  water. 

2.  Acetic  acid  has  been  detected  aheady  in  the  preUminary 
examination,  by  the  evolution  of  acetone.  Confirm  with  sulphuric 
acid  and  alcohol  (§  171,  7). 

3.  Benzoic  acid  or  salicylic  acid  are  usually  detected  by 
their  separating  when  the  substance  is  dissolved  in  hydrochloric  acid, 
or  when  the  hydrochloric  solution  cools.  As  a  confirmatory  test, 
coUect  the  precipitate,  wash  it  with  a  small  quantity  of  water, 
dissolve  it  in  a  little  dilute  ammonia,  and  test  the  neutral  solution 
with  ferric  chloride  as  directed  in  §  169,  3,  and  §  170,  3. 

4.  A  portion  of  the  substance  is  boiled  for  some  time  with  solu-  97 
tion  of  carbonate  of  soda  in  excess,  and  filtered  hot ;  in  most  cases, 
the  organic  acid  passes  into  solution  as  a  soda  salt.  The  solution  is 
slightly  acidified  with  hydrochloric  acid,  the  carbonic  acid  expelled 
by  heat,  and  then  tested  as  directed  §  184.  With  bases  of  the 
fourth  group,  and  also  in  presence  of  oxide  of  lead,  the  separation  is 
incomplete.  In  exceptional  cases  of  the  kind,  after  boihng  with 
carbonate  of  soda,  sulphide  of  ammonium  should  be  added  to  the 
filtrate  until  the  whole  of  the  metalHc  oxide  is  thrown  down ;  it  is 
then  filtered  and  examined  as  above. 

SIMPLE  COMPOUNDS. 

C.  Substances  insoluble  or  sparingly  soluble  in  Water, 
Hydrochloric  Acid,  Nitric  Acid,  and  Nitro-hydro- 
CHLORic  Acid. 

Detection  of  the  Base  and  the  Acid. 

§  188. 

Under  this  head  we  have  to  consider  the  following  substances  as  98 
the  only  ones  likely  to  be  met  with — ^viz.,  sulphate  of  baryta, 
sulphate   of  strontia,  sulphate  of  lime,   fluoride  of 


§  138.]  SIMPLE  INSOLUBLE  COMPOUNDS.  289 

calcium,  silica,  strongly  ignited  or  native  alumina,  sulphate 
of  lead,  compounds  of' lead  with  chlorine  and  bromine; 
compounds  of  silver  with  chlorine,  bromine,  lodme,  and 
cyanogen;  ignited  or  native  binoxide  of  tin,  ignited  ses- 
quioxide  of  chromium,  and  lastly  sulphur  and  carbon. 
For  the  simple  silicates,  the  student  is  referred  to  §  20o,  for  the 
ferrocyanides  and  ferricyanides  to  §  204.  The  preliminary  exami- 
nation will  have  shown  whether  the  presence  of  these  compounds  is 
to  be  suspected.  . 

Sulphate  of  lime  and  chloride  of  lead  are  not  altogether  insoluble 
in  water,  and  sulphate  of  lead  may  be  dissolved  in  hydrochloric 
acid.  However,  as  these  compounds  are  so  sparingly  soluble  that 
they  are  but  seldom  completely  dissolved,  they  are  included  here  to 
ensure  their  detection,  should  they  have  been  overlooked  in  the 
examination  of  the  aqueous  or  acid  solution. 

1.  Free  sulphur  will  have  been  detected  already  in  the  pre- 
liminary examination. 

2.  Carbon  is  generally  black ;  it  is  insoluble  in  aqua  regia; 
heated  on  platinum  foil,  before  the  blowpipe,  it  is  consumed ;  *  on 
deflagration  with  nitrate  of  potassa,  it  yields  carbonate  of  potassa. 

3.  Sesquioxide  of  chromium  is  green  or  blackish-green, 
and  will  have  been  already  detected  in  the  microcosmic  bead  (18). 

4.  Sulphide  of  ammonium  is  poured  on  to  a  very  small  quantity  99 
of  the  substance. 

a.  It  turns  black;  this  indicates  the  presence  of  a  salt  of 
lead  or  silver. 

a.  The  compound  fuses  in  the  glass  tube  without  decompo- 
sition (3):  chloride  or  bromide  of  lead;  chloride, 
bromide,  or  iodide  of  silver.  One  part  of  the  compound 
is  fused  with  4  parts  of  carbonate  of  soda  and  potassa  in  a 
small  porcelain  crucible,  allowed  to  cool,  the  residue  boiled 
with  water,  and  the  filtrate  tested  for  chlorine,  bromine, 
and  iodine,  as  directed  in  73-  The  residue,  which  consists 
4  either  of  metallic  silver  or  oxide  of  lead,  is  dissolved 

*  in  nitric  acid,  and  the  solution  tested  as  directed  in  46- 

j8.  It  evolves  cyanogen  when  ignited  in  the  glass  tube,  and 
leaves  a  residue  of  metallic  silver :  cyanide  of  silver. 

y.  The  substance  remains  unaltered  on  ignition  in  the 
glass  tube:  sulphate  of  lead.  A  sample  of  it  is  boiled 
with  solution  of  carbonate  of  soda,  filtered,  the  filtrate 
acidified  with  hydrochloric  acid,  and  the  filtrate  tested  with 
chloride  of  barium  for  sulphuric  acid;  the  washed 
residue  is  dissolved  in  nitric  acid,  and  the  solution  tested  for 
lead  with  sulphuretted  hydrogen  and  with  sulphuric  acid. 

b.  It  remains  white:  absence  of  a  salt  of  lead  or  silver.  IQO 

a.  A  portion  is  tested  for  stannic  oxide  with  a  borax 

*  Graphite  is  not  completely  burned  unless  strongly  heated  in  a  current  of 
oxygen. 

QUAL.  XJ 
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bead  coloured  slightly  blue  with  oxide  of  copper  (§  129, 12). 
If  a  reddish-brown  to  ruby-red  colour  ia  produced,  a  con- 
firmatoiy  test  for  the  presence  of  tin  is  made  by  reducing  a 
portion  with  carbonate  of  soda  and  cyanide  of  potassium 
(§  129,  11). 

/3.  A  small  portion  is  ground  up  with  finely  powdered 
quartz,  the  mixture  placed  in  a  small  crucible  moistened 
with  a  few  drops  of  strong  sulphuric  acid  and  warmed 
gently  on  an  iron  plate  or  a  small  sand  bath  (if  heated 
dii'ectly  by  the  lamp  an  incorrect  inference  may  be  drawn). 

aa.  White  fumes  are  evolved,  which  redden  Utmtts,  and 
render  turbid  a  drop  of  dilute  ammonia :  this  indicates 
fluoride  of  calcium.  A  portion  of  the  substance  in 
fine  powder  is  decomposed  in  a  platinum  crucible  with 
sulphuric  acid,  and  the  action  of  the  vapour  on  glass 
tried  (§  146,  5)  to  confirm  the  presence  of  fluorine: 
the  residue  is  boiled  with  hydrocliloric  acid,  filtered,  the 
filtrate  neutralized  with  ammonia,  and  tested  for  lime 
with  oxalate  of  ammonia. 

bb.  There  are  no  fumes  evolved  which  redden  litmus,  or 
render  aqueous  ammonia  turbid.  A  portion  of  the  very 
finely  pulverized  substance  is  mixed  with  4  times  the 
quantity  of  pure  carbonate  of  soda  and  potassa,  and  fused 
in  a  platinum  crucible  (or  on  platinum  foil).  The  fused 
mass  is  boiled  with  water,  filtered  if  it  does  not  dissolve 
entirely,  and  the  residue  washed.  A  portion  of  the 
filtrate  is  acidified  with  hydrochloric  acid,  and  tested 
with  chloride  of  barium  for  sulphuric  acid;  if  this 
acid  is  not  formed,  another  portion  of  the  filtrate  is 
tested  for  silicic  acid,  by  evaporating  the  solution 
acidified  with  hydrochloric  acid  (§  150,  2).  If  silicic  acid 
is  absent,  the  residue  left  on  evaporating  the  solution  is 
dissolved  in  hydrochloric  acid  and  tested  with  ammonia 
for  alumina. 

If  silicic  acid  alone  were  present,  the  mass  resulting 
from  the  fusion  with  carbonate  of  soda  and  potassa  would 
have  dissolved  in  water  without  residue  ;  but  if  silicates 
also  happen  to  be  present,  the  bases  with  which  the  silicic 
acid  is  combined  will  remain  undissolved,  and  may  be 
further  examined.  If  alumina  is  present,  the  melt  will 
not  dissolve  completely  in  water  unless  a  large  quantity 
of  the  flux  and  a  high  temperature  have  been  employed. 

If  sulphuric  acid  has  been  found,  the  alkaline  earth 
which  was  combined  with  it  remains  on  the  filter  as 
carbonate.  This  is  washed,  dissolved  in  dilute  hydro- 
chloric acid,  evaporated  to  dryness,  taken  up  with  water, 
and  the  solution  tested  for  baryta,  strontia,  and  lime, 
as  directed  in  63- 
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COMPLEX  COMPOUNDS.* 
A.  Substances  soluble  in  Water,  and  also  such  as 

ARE  insoluble  IN  WaTER,  BUT  DISSOLVE  IN  HYDRO- 
CHLORIC Acid,  Nitric  Acid,  or  Nitro-hydro- 
CHLORic  Acid. 

Detection  of  the  Bases.f 
§  189.$ 

Treatment  with  Hydrochloric  Acid  :  Detection  of  Silver, 
Mercurous  Oxide  [Lead], 

The  systematic  course  for  the  detection  of  the  bases  is  essen-  101 
tially  the  same  for  compounds  soluble  in  water,  as  for  those  which 
are  soluble  only  in  acids.    Where  the  dilferent  nature  of  the 
original  solution  occasions  a  variation  in  the  course  of  analysis, 
such  variation  will  be  distinctly  stated. 

I.  The  Substance  is  in  Aqueous  Solution. 

Some  hydrochloric  acid  is  added  to  the  portion  set  102 
aside  for  the  detection  of  the  bases. 

1.  The  solution  had  an  acid  or  neutral  reaction 
before  the  hydrochloric  acid  was  added. 

a.  No  precipitate  is  formed:  this  indicates  the 
absence  of  silver  and  mercurous  oxide.    Pass  on  to  §  190. 

b.  A  precipitate  is  formed.  Some  more  hydrochloric 
acid  is  added,  drop  by  drop,  until  the  precipitate  no  longer 
increases ;  then  6  or  8  drops  more  of  hydrochloric  acid  are 
added,  the  mixture  shaken  and  filtered. 

The  precipitate  produced  by  hydrochloric  acid  may  consist 
of  chloride  of  silver,  mercurous  chloride,  chloride  of  lead,  a 
basic  salt  of  antimony,  basic  chloride  of  bismuth,  metastannic 
chloride,  possibly  also  benzoic  and  salicylic  acid.  The  basic 
salt  of  antimony  and  the  basic  chloride  of  bismuth,  however,  are 
re-dissolved  by  the  excess  of  hydrochloric  acid  ;  consequently, 
if  the  instructions  given  have  been  strictly  followed,  the  pre- 
cipitate collected  upon  the  filter  can  consist  only  of  the  three 
first,  that  is,  chloride  of  silver,  mercurous  chloride,  and  chloride 
of  lead  (possibly  also  of  the  rarely  occurring  metastannic  chlo- 
ride and  benzoic  and  salicylic  acids,  which,  however,  are  dis- 
regarded here). 

*  This  term  is  used  to  designate  compounds  in  wliich  all  the  more  frequently 
occurring  bases,  acids,  metals,  and  metalloids  are  supposed  to  be  present. 

+  Compare  the  explanations  in  the  Third  Section,  with  the  contents  of  which 
the  student  should  become  thoroughly  acquainted  before  proceeding  further.  Re- 
gard is  here  had  also  to  the  presence  of  the  acids  of  arsenic,  and  of  those  salts  of 
the  alkaline  earths  which  dissolve  in  hydrochloric  acid,  and  separate  again  from 
that  solution  unaltered  on  neutralization  of  the  acid  by  ammonia. 

i  Consult  the  remarks  in  the  Third  Section. 
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The  precipitate  is  washed  twice  on  the  filter  with  cold  water  103 
and  the  filtrate  and  washings  examined  according  to  §  190. 

If  a  turbidity  is  produced  by  the  washings  as  they  mix 
with  the  acid  filtrate  (indicating  antimony  or  bismuth  com- 
pounds, or  possibly  also  chloride  of  lead  or  metastannic  chlo- 
ride), this  is  disregarded,  and  the  examination  carried  out 
according  to  §  190. 

The  precipitate  collected  on  the  filter  is  treated  in  the 
following  manner : 

a.  Hot  water  is  poured  on  to  the  precipitate  upon  the 
filter,  and  the  filtrate  is  tested  with  sulphuretted  hydrogen 
and  with  sulphuric  acid  for  lead.  (If  there  is  no  precipi- 
tate, this  simply  proves  that  the  precipitate  produced  by 
hydrochloric  acid  contains  no  lead,  and  does  not  by  any 
means  establish  the  total  absence  of  this  metal,  as  hydro- 
chloric acid  does  not  throw  down  lead  from  dilute  solutions.) 
If  the  hydrochloric  acid  precipitate  contains  chloride  of 
lead,  wash  it  several  times  with  hot  water  to  dissolve  out 
the  lead  as  far  as  possible. 

^.  If  there  is  a  residue  on  the  filter,  it  is  treated  with 
ammonia.  If  this  changes  its  colour  to  black  or  gray, 
mercurous  oxide  is  present. 

y.  Nitric  acid  is  added  to  the  ammoniacal  fluid  running 
off  in  3  until  it  has  a  strongly  acid  reaction.  The  forma- 
tion of  a  white,  curdy  precipitate  indicates  the  presence  of 
silver;  if,  however,  the  quantity  of  silver  is  but  very 
small,  the  solution  becomes  opalescent  merely.  (If  the  pre- 
cipitate still  contained  lead,  the  ammoniacal  solution  gene- 
rally appears  turbid,  owing  to  the  separation  of  a  basic  lead 
salt.  This,  however,  does  not  interfere  with  the  testing  for 
silver,  since  the  basic  salt  of  lead  re-dissolves  on  the  addition 
of  nitric  acid.) 

2.  The  original  aqueous  solution  has  an  alkaline  104 
eaction. 

a.  The  addition  of  hydrochloric  acid  to  strongly 
acid  reaction  does  not  cause  any  evolution  of  gas 
or  produce  a  precipitate,  or  the  precipitate  which 
forms  at  first  re-dissolves  on  adding  more  hydro- 
chloric acid:  pass  on  to  §  190. 

h  The  addition  of  hydrochloric  acid  produces  a 
precipitate  which  does  not  re-dissolve  in  excess 
of  the  precipitant,  even  on  boiling. 

a.  The  formation  of  the  precipitate  is  attended  neither  105 
with  evolution  of  sulphuretted  hydrogen  nor  of  hydrocyanic 
acid.    The  precipitate  is  collected  and  the  filtrate  treated 
as  directed  in  §  190. 

aa  The  precipitate  is  white.  It  may,  in  that 
case,  consist  of  a  salt  of  lead  or  silver,  insoluble  or 
sparingly  soluble  in  water  and  hydi^ochlonc  acid  (chlo- 
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ride  of  lead,  sulphate  of  lead,  chloride  of  silver, 
&c.),  or  it  may  be  hydrate  of  silicic  acid.  It  is 
tested  for  the  bases  and  acids  of  these  compounds  as 
directed  in  §  203,  bearing  in  mind  that  the  chloride  of 
lead  or  chloride  of  silver  thrown  down  may  possibly  have 
been  formed  in  the  process. 

hb.  The  precipitate  is  yellow  or  orange.^  In 
that  case,  it  may  consist  of  sulphide  of  arsenic,  if 
it  was  not  boiled  for  long,  or  only  with  very  dilute 
hydrochloric  acid,  also  of  sulphide  of  antimony, 
or  stannic  sulphide,  which  were  originally  dis- 
solved in  ammonia,  potassa,  soda,  phosphate  of  soda, 
or  some  other  alkaline  Hquid  (with  the  exception  _  of 
alkaline  sulphides  and  cyanides).  The  precipitate,  which 
may  also  contain  hydrate  of  silicic  acid,  is  examined 
as  directed  in  40- 

^.  The  formation  of  the  precipitate  is   attended  loith  106 
evolution  of  sulphuretted  hydrogen,  hut  not  of  hydrocyanic 
acid.* 

aa.  The  precipitate  is  pure  white,  and  con- 
sists of  separated  sulphur.  In  that  case  a  sul- 
phuretted alkaline  sulphide  is  generally  present ; 
its  presence  may  be  detected  also  by  the  yellow  or 
brownish-yellow  colour  of  the  alkaline  solution,  and  the 
odour  of  persulphide  of  hydrogen,  which  accompanies 
that  of  the  sulphuretted  hydrogen  on  the  addition  of  an 
acid.  The  filtrate  is  boiled,  filtered,  and  treated  as 
directed  in  §  194,  the  precipitate  according  to  §  203. 

bb.  The  precipitate  is  coloured.  In  that  case 
it  may  be  concluded  that  a  metallic  sulphur  salt 
is  present,  that  is,  a  combination  of  an  alkaline  sulphur 
base  with  a  metallic  sulphur  acid.  The  precipitate  may 
consist  of  tersulphide  of  gold,  bisulphide  of 
platinum,  stannic  sulphide,  sulphide  of  arsenic, 
or  sulphide  of  antimony.  It  may,  however,  also  be 
sulphide  of  mercury  or  sulphide  of  copper  or 
sulphide  of  nickel,  or  contain  these  substances,  as 
the  former  dissolves  readdy  in  sulphide  of  potassium, 
and  in  small  quantities  in  sulphide  of  ammonium,  and 
the  last  two  are  sHghtly  soluble  in  sulphide  of  ammonium. 
The  solution  is  filtered,  and  the  filtrate  treated  as  directed 
in  §  194,  the  precipitate  according  to  40- 

y.  The  formation  of  the  precipitate  is  attended  loith  107 
evolution  of  hydrocyanic  acid,  with  or  without  sulphuretted 
hydrogen.    This  indicates  the  presence  of  an  alkaline 
cyanide,  and,  if  sulphuretted  hydrogen  is  simultaneously 

*  Should  the  odour  of  the  evolved  gas  leave  any  doubt  as  to  whether  hydro- 
/jyanic  acid  is  actually  present  or  not,  some  chromate  of  potassa  should  be  added 
to  a  fresh  portion  of  the  solution  before  adding  the  hydrochloric  acid. 


294  COMPLEX  COMPOUNDS— DETECTION  OF  BASES.        [§  m. 


evolved,  also  of  an  alkaline  sulphide;  in  that  case,  the 
precipitate  may  contain  many  other  substances  (sucli  as 
cyanide  of  nickel,  cyanide  of  silver,  &c.),  besides  the  com- 
pounds enumerated  in  a  and  /3.  More  hydrochloric  acid,  or 
nitric  acid  is  added,  and  the  liquid  boiled  until  the  whole 
of  the  hydrocyanic  acid  is  expelled ;  the  solution,  or,  if  an 
undissolved  residue  has  been  left,  the  filtrate,  is  treated  as 
directed  in  §  190 ;  and  the  residue  (if  any)  according  to 
§  203  or  §  204. 

c.  No    permanent    precipitate   is  produced    on  108. 
adding   hydrochloric   acid,  but  there   is  an  evo- 
lution of  gas. 

a.  The  gas  smells  of  sulphuretted  hydrogen  :  this  indicates 
a  simple  alkaline  sulphide,  or  sulphur  salt  with 
alkaline  or  alkaline  earthy  base.  Proceed  as  directed 
in  §  194. 

j3.  The  gas  is  inodorous:  in  that  case  it  is  carbonic 
acid  which  was  in  combination  with  an  alkali.  Pass  on 
to  §  190. 

y.  The  gas  smells  of  hydrocyanic  add  (no  matter  whether 
sulphuretted  hydrogen  or  carbonic  acid  is  evolved  at  the 
same  time  or  not).  This  indicates  an  alkaline  cyanide. 
Boil  until  the  whole  of  the  hydrocyanic  acid  is.  expelled,, 
then  pass  on  to  §  190. 

II.  Solution  in  Hydrochlouic  Acid  or  in  NiTRO-HYDao- 

CHLORic  Acid. 

Proceed  as  directed  in  §  190. 

III.  Solution  in  Nitric  Acid. 

A  smaU  portion  is  diluted  ;  if  this  produces  turbidity  or  a  pre-  103 
cipitate  (indicative  of  bismuth),  nitric  acid  is  added  until  the  solu- 
tion is  clear  again,  then  hydrochloric  acid. 

1.  No  precipitate  is  formed.  Absence  of  silver  and 
mercurous  oxide.  The  principal  solution  is  treated  according  to 
§  190. 

2.  A  precipitate  is  formed.  A  larger  portion  of  the 
nitric  acid  solution  is  treated  in  the  same  way,  filtered,  and  the 
precipitate  examined  as  directed  in  103,  the  filtrate  according 
to  §  190. 
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§  190  * 

Treatment  witli  Sulphuretted  Hydrogen.f    Precipitcdion  of  the 
Metallic  Oxides  of  Chvup  V.,  Division  2,  and  Group  VI. 

Sulphuretted  hydrogen  water  is  added  to  a  small 
portion  of  the  clear  acid  solution,  until  the  odour  of 
the  gas  is  distinctly  perceptible  after  shaking  the 
mixture;  it  is  then  warmed  gently. 

1.  No  precipitate  is  formed,  even  after  the  lapse  of  some  HO 
time.    Pass  on  to  §  194,  as  lead,  bismuth,  cadmium,  copper,  mer- 
cury, gold,  platinum,  antimony,  tin,  and  arsenic,  J  are  not  present;  || 

the  absence  of  ferric  oxide  and  of  chromic  acid,  and  of  hydroferri- 
cyanic  acid  is  also  indicated  by  this  negative  reaction. 

2.  A  precipitate  is  formed. 

a.  The  precipitate  is  pure  white,  light,  and  finely  pul-  HI 
verulent,  and  does  not  re-dissolve  on  addition  of  hydrochloric 
acid.  It  consists  of  separated  sulphur,  and  indicates  the 
presence  of  ferric  oxide.^f  None  of  the  other  metals 
enumerated  in  HO  can  be  present.  The  principal  solution 
is  treated  as  directed  in  §  194. 

If  the  separation  of  sulphur,  the  colour  of  the  original 
solution,  and  the  change  of  colour  produced  by  sulphuretted 
hydrogen  give  reason  to  suspect  the  presence  of  chromic 
acid,  the  latter  should  be  reduced  to  oxide  of  chromium  by 
adding  an  aqueous  solution  of  sulphurous  acid,  or — if  this 
is  likely  to  produce  a  precipitate — by  heating  it  with  hydro- 
chloric acid  and  alcohol  (see  §  138,  5). 

h.  The  precipitate  is  coloured. 

To  the  greater  portion  of  the  acid  or  acidified  solution,  H2 
best  in  a  small  flask,  sulphuretted  hydrogen  water  is  added 
in  excess,  that  is  to  say,  until  the  solution  smells  distinctly  of 
it  after  shaking,  and  the  precipitate  does  not  increase  on  add- 

*  Consult  the  remarks  in  the  Third  Section. 

t  For  details  of  other  analytical  methods  ia  which  hyposulphite  of  ammonia 
or  soda  is  employed  instead  of  sulphuretted  hydrogen,  see  0.  Himly,  Ann.  Chem. 
Pharm.,  43,  150,  H.  Vohl,  ibid.,  96,  237,  and  A.  Orlowski,  Zeit.  anal.  Chem.,  22, 
357. 

t  To  be  certain  of  the  absence  of  arsenic  acid,  the  solution  must  be  allowed  to 
stand  for  some  time  at  a  gentle  heat  (about  70°),  or  it  may  be  heated  with  sulphu- 
rous acid  previous  to  the  addition  of  the  sulphuretted  hydrogen.  (Compare  §  133, 
3. )  The  preliminary  examination  affords  the  best  means  of  knowing  whether  this 
treatment  is  necessary. 

II  In  solutions  containing  much  free  acid,  the  precipitates  very  often  do  not 
form  until  a  relatively  large  quantity  of  sulphuretted  hydrogen  water  has  been 
added. 

H  Sulphur  will  also  be  precipitated  if  sulphurous  acid,  iodic  acid,  bromic  acid, 
or  nitrous  acid  be  present  (these  are  not  included  in  this  anal3d}ical  course),  and 
also  if  chromic  acid,  or  chloric  acid,  or  free  chlorine  is  present ;  the  same  efl'ect  is 
produced  by  hydroferricyanic  acid ;  if  the  mixture  is  warmed  for  some  time  with 
chromic  acid,  the  reddish-yellow  colour  of  the  solution  changes  to  green,  whilst 
with  hydroferricyanic  acid  the  solution  acquires  a  blue  tint,  so  that  the  separated 
sulphur  suspended  in  it  appears  as  if  it  were  a  bluish  precipitate. 
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ing  more  of  the  reagent ;  the  mixture  is  gently  heated,  shaken 
vigorously  for  some  time,  filtered,  and  the  filtrate  (which 
contains  the  oxides  present  belonging  to  Groups  I, — IV,)  kept 
for  further  examination  according  to  §  194;  the  precipitate, 
which  contains  the  sulphides  of  the  metals  present  belonging 
to  Groups  V.  and  VI.*  is  carefully  washed  (see  p.  9). 

In  many  cases,  and  more  particularly  where  there  is  any 
reason  to  suspect  the  presence  of  arsenic,  it  is  more  conveni- 
ent to  pass  a  current  of  sulphuretted  hydrogen  through  the  solu- 
tion diluted  with  water,  instead  of  adding  sulphuretted  hydro- 
gen water.  When  arsenic  is  suspected,  it  is  also  well  to  keep 
the  liquid  at  about  70°,  while  the  gas  is  being  passed  into  it. 

If  the  precipitate  is  yellow,  it  consists  principally  of  113 
sulphide  of  arsenic,  bisulphide  of  tin,  or  sulphide  of  cad- 
mium; if  orange-coloured,  this  indicates  sulphide  of  anti- 
mony; if  brown  or  black,  one  at  least  of  the  following 
oxides  is  pi-esent;  oxide  of  lead,  oxide  of  bismuth,  oxide  of 
copper,  mercuric  oxide,  oxide  of  gold,  oxide  of  platinum, 
stannous  oxide.  However,  as  a  yellow  precipitate  may 
contain  small  particles  of  an  orange  coloured,  a  brown,  or 
even  a  black  precipitate,  without  its  colour  being  very  per- 
ceptibly altered,  it  is  the  safest  way  to  assume  the  presence 
of  all  the  metals  named  in  HO  in  any  precipitate  produced 
by  sulphuretted  hydrogen,  and  to  proceed  accordingly  as 
the  next  paragraph  (§  191)  directs. 

§  191.t 

The  Precipitate  produced  by  Sulphuretted  Hydrogen  is 
treated  with  Sulphide  of  Ammonium ;  Separation  of  Division 
2  of  Group  V.from  Growp  VI. 

A  small  portion  of  the  thoroughly  washed  pre-  114 
cipitate  produced  by  sulphuretted  hydrogen  from  the 
acidified  solution  is  introduced  into  a  test-tube,t  a 
little  water,  and  from  ten  to  twenty  drops  of  yellow 
sulphide  of  ammonium  or  sulphide  of  sodium  added, 
and  the  mixture  warmed  gently  for  a  short  time.|| 

*  As  an  exception,  the  precipitate  thrown  down  from  the  acid  solution  by  sul- 
phuretted hydrogen  may  contain  zinc  and  iron — for  instance,  zinc  if  the  acetate  of 
an  alkali  is  present,  iron  when  the  solution  containis  stannic  chloride  and  but  little 
free  hydrochloric  acid  (L.  S torch). 

+  Consult  the  notes  in  the  Third  Section. 

J  If  there  is  a  somewhat  large  precipitate,  this  may  be  readily  effected  by 
means  of  a  small  spatula  of  platinum,  glass,  or  horn  ;  but  if  the  amount  of  precipi- 
tate is  only  very  trifling,  a  hole  should  be  made  in  the  bottom  of  the  filter,  and 
the  precipitate  rinsed  into  the  test-tube  by  means  of  the  wash-bottle ;  the  pre- 
cipitate is  then  allowed  to  subside,  and  the  water  decanted. 

II  If  the  solution  contains  copper,  which  may  generally  be  known  by  the  colour 
of  the  liquid,  and  may  be  ascertained  with  certainty  by  testing  with  a  clean  iron 
rod  (see  §  120,  11),  sulphide  of  sodium  should  be  used  instead  of  sulphide  of  ammo- 
nium (in  which  sulphide  of  copper  is  not  absolutely  insoluble,  see  §  120,  5),  and 
the  mixture  boiled.  But  if  the  solution  contains  mercuric  oxide  as  well  as  copper 
(the  presence  of  the  former  is  generally  sufficiently  indicated  by  the  several  changes 
of  colour  exhibited  by  the  precipitate  formed  on  adding  the  sulphuretted  hydrogen 
water  [§  119,  3],  and  which,  in  doubtful  cases,  may  be  detected  with  positive  cer- 
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1.  Tlie  precipitate  dissolves  completely  in  sulphide  115 
of  ammonium  (or  sulphide  of  sodium,  as  the  case  may  be) : 
absence  of  the  metals  of  Group  V.— cadmium,  lead,  bismuth, 
copper,  and  mercury.    The  remainder  of  the  precipitate  (a  portion 

of  which  has  been  digested  with  sulphide  of  ammonium)  is  treated 
according  to  §  192.  If  the  precipitate  produced  by  sulphuretted 
hydrogen  was  so  trifling  that  the  whole  of  it  has  been  used  m  the 
treatment  with  sulphide  of  ammonium,  the  solution  obtained  in 
that  process  is  precipitated  by  hydrochloric  acid,  and  the  pre- 
cipitate filtered,  washed,  and  treated  as  directed  §  192. 

2.  The  precipitate  is  not  dissolved,  or  at  least  not  116 
completely,  even  on  heating  with  more  sulphide  of  ammonium 

(or  sulphide  of  sodium,  as  the  case  may  be)  :  presence  of  metals  of 
Group  V.  The  liquid  is  diluted  with  4  or  5  parts  of  water,  filtered, 
and  the  filtrate  mijsed  with  hydrochloric  acid  in  slight  excess. 

a.  A  pure  white  turbidity  is  produced  from  the  separation  of 
sulphur :  absence  of  the  metals  of  Group  YI. — gold,  plati- 
num, tin,  antimony,  and  arsenic*  The  rest  of  the  precipitate 
(of  which  a  portion  has  been  digested  with  sulphide  of  am- 
monium) is  treated  according  to  §  193. 

b.  A  coloured  precipitate  is  formed:  presence  of  metals  of  117 
Group  VI.  and  of  Group  Y.    The  entire  precipitate  produced 

by  sulphuretted  hydrogen  is  treated  like  the  small  portion 
(114),  that  is,  it  is  digested  with  yellow  sulphide  of  ammonium 
or  sulphide  of  sodium,  as  the  case  may  be,  allowed  to  subside, 
and  the  supernatant  Kquid,  which  should  be  yellow,  is  poured 
on  to  a  filter ;  the  residue  in  the  tube  is  digested  once  more 
with  yellow  sulphide  of  ammonium  (or  sulphide  of  sodium), 
and  filtered.    The  residue  t  (containing  the  sulphides  of  Group 

tainty  by  testing  a  portion  of  the  original  solution  with  stannous  chloride  after  it 
has  been  acidified  with  hydrochloric  acid),  sulphide  of  ammonium  must  be  used, 
although  the  separation  of  the  sulphides  of  the  sixth  group  from  the  sulphide  of 
copper  is  not  fully  effected  in  such  cases.  Were  sulphide  of  sodium  used,  the 
sulphide  of  mercury  would  dissolve  in  this  reagent,  and  this  would  render  the 
ulterior  examination  of  the  sulphides  of  the  sixth  group  more  difficult.  But  even 
when  this  precaution  is  taken  the  dissolution  of  the  copper  cannot  be  always 
guarded  against,  as  sulphide  of  copper  is  soluble  in  certain  sulphur  salts,  such  as 
those  which  sulphide  of  arsenic  and  sulphide  of  tin  form  with  sulphide  of  sodium. 

*  It  is  self-evident  that  this  inference  becomes  uncertain  if  the  precipitate  pro- 
duced by  sulphuretted  hydrogen,  instead  of  being  digested  with  a  small  quantity 
of  yellow  sulphide  of  ammonium,  has  been  treated  with  a  large  quantity  of  that 
reagent ;  for  in  that  case  such  a  large  quantity  of  sulphur  separates  that  any  traces 
of  s\ilphide  of  arsenic  or  stannic  sulphide  which  may  have  been  thrown  down  can- 
not be  detected.    Compare  also  notes  to  §  190  and  §  191  in  the  Third  Section. 

If  the  residue  suspended  in  the  liquid  containing  sulphide  of  ammonium,  and 
insoluble  therein,  subsides  readily,  it  should  not  be  transferred  to  the  filter,  but 
washed  in  the  tube  by  decantation.  If  the  subsidence  proceeds  slowly  and  with 
difficulty,  however,  the  precipitate  is  transferred  to  the  filter,  and  washed  there ; 
a  hole  is  then  made  in  the  bottom  of  the  filter,  and  the  residue  rinsed  into  a  small 
.porcelain  basin  by  means  of  a  wash-bottle :  the  application  of  a  gentle  heat  will 
now  materially  aid  the  subsidence  of  the  residue,  and  the  supernatant  water  may 
then  be  decanted.  The  sulphides  are  occasionally  suspended  in  the  liquid  in  a 
state  of  such  minute  division  that  a  clear  filtrate  caunot  be  obtained  ;  in  cases  of 
the  kind,  some  nitrate  of  ammonia  should  be  added  to  the  liquid,  and  it  should 
be  allowed  to  settle  at  a  gentle  heat  for  some  time  before  filtering. 
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v.),  is  washed,  and  then  treated  as  directed  in  §  193.  The 
filtrate  (which  contains  the  metals  of  Group  VI.  in  the  form 
of  sulphur  salts)  is  diluted  with  water,  hydrochloric  acid 
added  to  distinctly  acid  reaction,  and  the  whole  gently  heated ; 
the  precipitate,  which  contains  the  sulphides  of  the  metals 
of  Group  VI.  mixed  with  sulphur,  is  collected,  washed 
thoroughly,  and  treated  as  directed  in  the  next  paragraph 
(§  192). 

§  192.* 

Detection  of  the  Metals  of  Group  VI. :  Arsenic,  Antimony, 

Tin,  Gold,  Platinum. 

If  the  precipitate  consisting  of  the  sulphides  of  Group  VI.  is  of  Ug 
a  pure  yellow  colour,  this  indicates  principally  arsenic  and 
stannic  oxide;  if  it  is  distinctly  orange-yellow,  antimony  is 
sure  to  be  present;  if  it  is  brown  or  black,  this  denotes  the 
presence  of  stannous  oxide,  platinum,  or  gold. 

Beyond  these  general  indications  the  colour  of  the  precipitate 
is  not  a  safe  guide.  It  is  therefore  always  advisable  to  test  a 
yellow  precipitate  also  for  antimony,  gold,  and  platinum,  since 
minute  quantities  of  the  sulphides  of  these  metals  are  completely 
masked  by  a  large  quantity  of  stannic  sulphide  or  sulphide  of 
arsenic. 

In  many  cases,  it  will  be  possible  to  determine  from  the  general 
examination  whether  gold  and  platinum  are  present,  and,  as  the 
presence  of  these  metals  renders  the  analysis  more  compHcated,  the 
method  employed  when  gold  and  platinum  are  present  will  differ 
from  that  used  when  they  are  not. 

1.  There  is  no  reason  to  believe  that  gold  and  platinum 
are  present. 

A  little  of  the  precipitate  is  heated  on  the  lid  of  a  porcelain 
crucible,  or  on  a  piece  of  porcelain  or  glass.f 

a.  There  is  no  fixed  residue:  probable  presence  of  arsenic,  119 
absence  of  the  other  metals  of  Group  VI.    As  a  confirmatory  test, 

a  portion  of  the  precipitate  is  reduced  with  cyanide  of  potassium 
and  carbonate  of  soda  (§  132,  12).J  Whether  the  arsenic  was 
present  in  the  form  of  arsenious  acid  or  of  arsenic  acid  may  be 
ascertained  by  the  methods  described  in  §  134,  11. 

b.  There  is  a  fixed  residue.  In  that  case  tin,  antimony,  120 
and  arsenic  must  be  sought  for.||    The  remainder  of  the  pre- 

*  Consult  the  notes  in  the  Third  Section. 

+  It  is  self-evident  that  this  preliminary  examination  may  be  omitted  if  the 
l^recipitate  has  any  other  colour  than  yellow ;  moreover,  it  will  not  give  a  decisive 
result  unless  the  precipitate  has  been  thoroughly  washed. 

t  If  the  precipitate  contains  much  free  sulphur,  the  sulphide  of  arsenic  which 
may  be  present  is  dissolved  by  digestion  in  carbonate  of  ammonia,  the  solution 
filtered,  evaporated  to  dryness  with  addition  of  a  small  quantity  of  carbonate  of 
soda,  and  the  residue  heated  with  cyanide  of  potassium  and  carbonate  of  soda. 

II  The  method  given  in  h  for  the  detection  of  tin,  antimony,  and  arsenic  is 
especially  applicable  when  the  tin  and  arsenic  are  present  in  somewhat  large 
quantity.  If  the  precipitate  contains  only  a  very  small  proportion  of  these,  the 
process  described  in  §  134,  2,  is  preferable. 
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cipitate  is  thoroughly  dried  on  the  filter,  ground  up  with  about 
1  part  of  anhydrous  carbonate  of  soda  and  1  part  of  nitrate  ot 
soda,  and  the  mixture  transferred  in  small  portions  at  a  time  to  a 
porcelain  crucible,  in  which  2  parts  of  nitrate  of  soda  have  been 
previously  heated  to  fusion  at  as  low  a  temperature-  as  possible.  • 
As  soon  as  the  oxidation  is  complete,  the  melt  is  poured  on  to  a 
piece  of  porcelain.  After  cooling,  the  fused  massf  (the  portion 
still  sticking  to  the  inside  of  the  crucible  as  well  as  the  portion 
poured  out  on  the  porcelain)  is  treated  with  cold  water,  the  in- 
soluble residue — ^which  will  remain  if  the  mass  contained  anti- 
mony or  tin — collected  on  a  wetted  filter,  and  washed  thoroughly 
with  a  mixture  of  about  equal  parts  of  water  and  alcohol.  (The 
alcohol  is  added  to  prevent  the  dissolution  of  the  antimonate  of 
soda.  The  washings  are  not  added  to  the  filtrate.)  The  filtrate 
and  the  residue  are  examined  in  the  following  way : — 

a.  Examination  of  the  filtrate  for  arsenic  (which  12L 
will  be  present  in  it  in  the  form  of  arsenate  of  soda).  The 
solution  is  acidified  with  nitric  acid  until  it  has  a  distinctly 
acid  reaction ;  J  it  is  then  heated  to  expel  carbonic  acid  and 
nitrous  acid,  and  a  small  portion  of  the  solution  added  to 
2  or  3  c.c.  of  a  solution  of  molybdate  of  ammonia  in  nitric 
acid  (§  52),  the  mixture  being  heated  until  it  boils.  If  there 
is  a  yellow  or  yellowish  precipitate  (a  pure  white  precipitate  is 
to  be  disregarded),  arsenic  is  present  (§  133,  9). 

To  confirm  this,  the  remainder  of  tlie  liquid  is  divided  into 
two  portions ;  to  the  one  some  nitrate  of  silver  (not  too 
Kttle)  is  added  and  the  solution  filtered  if  chloride  of  silver  || 
separates ;  a  layer  of  dilute  solution  of  ammonia  (1  part  of 
ammonia  solution  to  2  of  water)  is  now  poured  on  to  the 
surface  of  the  filtrate  down  the  side  of  the  tube,  which  must  be 
held  in  a  slanting  position,  and  the  tube  put  on  one  side  with- 


*  Special  care  should  be  tat  en  not  to  heat  the  mixture  too  strongly.  If  the 
amount  of  the  precipitate  is  so  minute  that  the  operation  described  above  cannot 
be  conveniently  performed,  the  filter  and  precipitate  adhering  to  it,  after  being 
dried,  is  cut  into  small  pieces,  ground  up  with  some  carbonate  and  nitrate  of  soda, 
and  the  mixture  projected  into  the  fusing  nitrate  of  soda.  It  is  preferable,  however, 
in  such  cases,  to  procure,  if  practicable,  a  larger  amount  of  the  jjrecipitate,  as 
otherwise  there  will  be  but  little  hope  of  effecting  the  detection  of  all  the  metals 
of  (iroup  VI.  with  certainty. 

t  Supposing  all  the  metallic  sulphides  of  the  sixth  group  above  mentioned  to 
have  been  present,  the  fused  mass  would  consist  of  antimonate  and  arsenate  of 
soda,  stannic  oxide,  metallic  gold  and  platinum,  sulphate,  carbonate,  nitrate,  and 
Bome  nitrite  of  soda.  If  the  heat  has  been  too  strong,  stannate  of  soda  will  have 
been  formed.  See  §  134,  1.  When  gold  and  tin  are  present  together,  the  fused 
mass  often  has  a  peculiar  light  red  colour. 

X  In  some  cases  where  a  somewhat  large  proportion  of  carbonate  of  soda  has 
been  used,  or  a  very  strong  heat  applied,  a  trifling  precipitate  (hydrated  stannic 
oxide)  may  separate  on  acidifying  the  filtrate  with  nitric  acid.  This  may  be  col- 
lected on  a  filter,  and  then  treated  in  the  same  manner  as  the  undissolved  residue. 
It  should  be  noted,  however,  that  it  may  contain  arsenic  ;  so  that  arsenic  present 
in  small  quantity  may  be  overlooked  if  the  fusion  has  been  made  at  too  high  a 
temperature  and  tin  is  also  present. 

II  Chloride  of  silver  will  separate  if  the  reagents  were  not  perfectly  pure,  or  the 
precipitate  has  not  been  thoroughly  washed. 
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out  sliaking.  The  formation  of  a  reddLsh-brown  precipitate, 
which  appears  hovering  cloud-like  between  the  two  layers 
(and  may  be  seen  far  more  readily  and  distinctly  by  reflected 
than  by  transmitted  light),  denotes  the  presence  of  arsenic. 
If  the  arsenic  is  present  in  some  quantity,  and  the  free  nitric 
acid  of  the  solution  is  exactly  saturated  with  ammonia,  stirring 
in  the  meantime,  the  precipitate  of  arsenate  of  silver  colours 
the  whole  of  the  liquid  brownish-red. 

To  the  other  portion  of  the  acidified  solution,  ammonia  is  122 
added,  and  then  a  mixture  of  sulphate  of  magnesia  and 
chloride  of  ammonium,  the  sides  of  the  vessel  being  rubbed 
with  a  glass  rod.  A  crystalline  precipitate  of  arsenate  of 
magnesia  and  ammonia,  which  frequently  does  not  form  until 
after  long  standing,  and  is  deposited  more  particularly  on  the 
sides  of  the  vessel,  shows  the  presence  of  arsenic.  As  a  con- 
firmatory test,  the  precipitate,  after  being  washed  ■with  water 
containing  ammonia,  may  be  dissolved  in  dilute  hydro- 
chloric acid  and  the  solution  precipitated  by  sulphui-etted 
hydrogen  with  the  aid  of  a  gentle  heat,  or  the  arsenic  may 
be  reduced  to  the  metallic  state  (compare  §  132  and  §  133). 
In  order  to  ascertain  whether  the  arsenic  was  originally  pre- 
sent in  the  form  of  arsenious  acid  or  of  arsenic  acid  the 
methods  described  in  §  134,  11,  should  be  employed. 

/3.  Examination  of  the  residue  for  antimony,  tin,  123 
gold,  platinum. 

As  the  antimony,  if  present,  exists  in  the  residue  as  white 
pulverulent  antimonate  of  soda,  the  tin  as  white  flocculent 
stannic  oxide,  the  appearance  alone  of  the  residue  sometimes 
indicates  its  nature ;  it  must  be  noted,  however,  that  a  little 
oxide  of  copper  may  also  be  present  in  this  residue,  as  sul- 
phide of  copper  is  slightly  soluble  in  sulphide  of  ammonium 
and  also  in  the  double  salts  which  sulphide  of  arsenic  and 
sulphide  of  tin  form  with  sulphide  of  sodium.  The  precipitate 
is  transferred  to  the  lid  of  a  platinum  crucible,  or  to  a  small 
platinum  capsule,  heated  with  hydrochloric  acid,  a  little  water 
added,  and  a  small  compact  lump  of  pure  zinc  (free  from  lead) 
thrown  in,  no  matter  whether  the  precipitate  has  completely 
dissolved  in  the  hydrochloric  acid  or  not.  The  tin  and  anti- 
mony are  reduced  to  the  metallic  state  by  the  action  of  the 
zinc.  The  presence  of  antimony  is  detected  at  once,  or 
after  a  short  time,  by  the  blackening  of  the  platinum.  As  soon 
as  the  disengagement  of  hydrogen  has  nearly  ceased,  the  lump 
of  zinc  is  taken  out,  the  solution  of  chloride  of  zinc  removed  by 
cautious  decantation,  the  metals  warmed  with  hydrochloric 
acid,  and  the  solution — which,  if  tin  is  present,  will  contain 
stannous  chloride — tested  with  mercuric  chloride  (§  129,  8). 
The  antimony  which  has  been  deposited  (and  also  any  copper 
present)  is  scarcely  acted  on  by  the  warm  hydrochloric  acid, 
and  may  be  examined  before  the  blowpipe  (§  131,  13),  or  dis- 
solved in  hot  nitric  acid  containing  a  little  tartaric  acid,  and 
tested  with  sulphuretted  hydrogen.  If  the  solution  contains 
copper,  this  is  precipitated  as  sulphocyanate  (§  120,  10)  before 
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adding  the  sulphuretted  hydrogen.  In  order  to  ascertain  in 
what^tate  of  oxidation  the  tin  or  antimony  were  ongmany 
present,  the  methods  given  in  §  134,  9  and  10,  should  be  em- 
ployed. 

2.  There  is  reason  to  suspect  the  presence  of  gold  or  124 

^^""inTi;  case,  advantage  is  taken  of  the  fact  that  tin,  antimony, 
and  arsenic  sulphides  may  be  volatUized  as  chlorides  by  heating 
tem  with  an  hitimate  and  weU-dried  mixture  of  3  to  5  parts  of 
ammonium  chloride  and  1  part  of  nitrate  of  ammonia,  the  gold 
and  platinum  sulphides  yielding  a  residue  of  the  respective  metals. 
The  operation  is  carefully  conducted  in  the  apparatus  shown]  m 
fig.  43,  which  does  not  require  explanation. 


Fig.  43. 

The  tube  ab  i&  from  30  to  40  cm.  long,  and  about  16  m.m. 
in  diameter.  The  porcelain  boat  c,  into  which  the  mixture  to  be 
examined  is  introduced,  is  similar  to  that  shown  in  fig.  40  (p.  175), 
but  should  usually  be  somewhat  longer  (7  cm.  long).  The  boiling 
flask  d  holds  about  150  to  180  c.c,  and  is  half  filled  with  water. 
The  bottle  e,  which  serves  as  a  respirator,  has  a  capacity  of  about 
2  litres. 

When  the  apparatus  has  been  arranged,  the  sulphides  of  Group 
YI.,  or  the  dried  precipitate  containing  them,  is  carefully  ground 
up  with  about  6  parts  of  the  mixture  of  chloride  of  ammonium  and 
nitrate  of  ammonia ;  the  whole  is  placed  in  the  porcelain  boat  and 
pushed  into  the  tube  a  h,  until  it  occupies  the  position  shown  in 
the  figure.  A  cork,  through  which  a  short,  open,  glass  tube  passes, 
is  then  inserted  at  a,  the  tap  /  is  opened  (either  a  glass  tap  or  a 
screw  pinchcock),  and  a  moderate  stream  of  air  allowed  to  pass 
from  a  to  6.  The  porcelain  boat  and  its  contents  are  then  heated, 
at  first  gently,  but  afterwards  gradually,  up  to  a  high  temperature. 
A  white  sublimate  soon  begins  to  form  close  to  c  (between  c  and  &), 
and  gradually  increases  in  quantity. 

As  soon  as  all  the  volatile  compounds  have  been  driven  off 
from  the  boat,  it  is  allowed  to  cool,  and  then  removed  from  the 
tube  by  means  of  a  hooked  wire.    If  there  is  no  residue  in  the 
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boat,  gold  and  platinum  are  absent ;  if  there  is  a  residue  having  a 
metallic  appearance,  the  first  part  of  the  operation  may  be  con- 
sidered as  completed ;  but  if  the  appearance  of  the  residue  renders 
it  probable  that  all  the  antimony,  tin,  or  arsenic  have  not  been 
completely  volatilized,  the  operation  must  be  repeated  as  before, 
with  the  addition  of  a  further  quantity  of  the  mixture  of  chloride 
of  ammonium  and  nitrate  of  ammonia.  The  residue  and  the  sub- 
limate are  then  tested  as  follows  : — 

a.  The  residue.  This  is  dissolved  in  aqua  regia,  the  solu- 
tion evaporated  to  a  small  bulk,  and  then  tested  for  gold  and 
platinum  according  to  §  128. 

^.  The  sublimate.  The  tube  ab  is  rinsed  out  with  the 
water  contained  in  the  flask  d  (which,  when  antimony  is  pre- 
sent, sometimes  has  a  milky  appearance),  and  the  washings 
from  the  tube,  which  are  usually  turbid,  are  wai-med  with  a 
little  hydrochloric  acid  until  they  become  clear ;  sulphuretted 
hydrogen  is  then  passed,  and  the  precipitate  collected,  washed, 
dried,  and  examined  for  tin,  antimony,  and  arsenic  as  in 

119  to  124. 

§  193.* 

Detection  of  the  Metallic  Oxides  of  Group  V.,  Division  2 ; 

Oxide  of  Lead,  Oxide  of  Bismuth,  Oxide  of  Copper,  Oxide  of  Cad- 
mium, Mercuric  Oxide. 

The  portion  of  the  precipitate  which  was  insoluble  125 
in  sulphide  of  ammonium  is  thoroughly  washed  and 
boiled  with  dilute  nitric  acid.  This  is  best  done  in  a  small 
porcelain  dish,  heating  the  precipitate  with  some  water,  and  then 
gradually  adding  nitric  acid  with  constant  stu'ring.  Any  great 
excess  of  acid  must  be  avoided. 

1.  The  precipitate  dissolves,  and  there  remains  126 
floating  in  the  liquid  nothing  but  the  separated,  light, 
flocculent,  yellow  sulphur:  this  indicates  the  absence  of 
mercury.  Cadmium,  copper,  lead,  and  bismuth  may  be 
present.  The  separated  sulphur  is  filtered  ofi",  and  the  filtrate 
treated  as  follows  after  the  greater  part  of  the  nitric  acid  has  been 
removed  by  evaporation. 

Dilute  sulphuric  acid  in  moderate  quantity  is  added  to  a  por- 
tion of  the  filtrate,  the  mixture  heated  gently,  and  allowed  to  stand 
for  some  time. 

a.  No  precipitate  is  formed:  absence  of  lead.    The  127 
remainder  of  the  filtrate  is  mixed  with  ammonia  in  excess, 
and  gently  heated. 

a.  There  is  no  2^1'ecipitate :  absence  of  bismuth.    If  the  128 
liquid  is  blue,  copper  is  present;  very  minute  traces  of 
copper,  however,  might  be  overlooked  if  the  colour  of  the 
ammoniacal  liquid  alone  were  regarded.    To  be  quite  cer- 
tain^  and  also  to  test  for  cadmium,  the  ammoniacal  solution 


*  Consult  the  notes  in  the  Third  Section. 
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is  evaporated  nearly  to  dryness,  some  water  added,  and 
sufficient  hydrochloric  acid  to  render  the  solution  very 
slightly  acid. 

aa.  A  small  portion  of  the  solution  is  tested  for  copper  129 
with  ferrocyanide  of  potassium.    A  reddish-brown  pre- 
cipitate indicates  copper;  if  the  amount  is  very  small, 
there  is  only  a  light  brownish-red  turbidity. 

hh.  If  copper  is  absent,  some  more  hydrochloric  acid  is  130 
added  to  the  remainder  and  then  sulphuretted  hydrogen ; 
a  yellow  precipitate  indicates  cadmium.  If  copper  is 
present,  it  is  most  conveniently  removed  as  cuprous  sul- 
phocyanate  by  means  of  sulphurous  acid  and  sulpho- 
cyanate  of  potassium,  warming  the  mixture,  and  allow- 
ing it  to  stand ;  the  filtrate,  after  being  evaporated  to 
drive  off  excess  of  sulphurous  acid,  is  tested  for  cadmium 
■with  sulphm-etted  hydrogen.  Or  both  metals  may  be 
precipitated  by  sulphuretted  hydrogen  after  adding  hydro- 
chloric acid  to  the  solution  and  the  sulphides  separated 
by  cyanide  of  potassium  (in  which  case  the  sulphides  must 
have  been  recently  precipitated),  or  by  boihng  dilute  sul- 
phuric acid  (§  123).* 

|3.  A  precipitate  is  formed:  bismuth  is  present. f    The  131 
solution  is  filtered  and  the  filtrate  tested  for  copper  and 
cadmium  (zinc  may  also  be  possibly  present)  as  directed 
)  in  128'    The  washed  precipitate  is.  tested  especially  for  bis- 

muth by  slightly  drying  the  filter  containing  it  between 
blotting-paper,  removing  the  still  moist  precipitate  with  a 
platinum  spatula  or  a  knife,  dissolving  it  on  a  watch-glass 
in  the  least  possible  quantity  of  hydrochloric  acid,  and  add- 
ing plenty  of  water.  The  appearance  of  a  milky  turbidity 
confirms  the  presence  of  bismuth. 

r  h.  Sulphuric  acid  produces  a  precipitate  :  presence  132 
of  lead.  The  whole  of  the  nitric  acid  solution  is  mixed  with 
a  sufficient  quantity  of  dilute  sulphuric  acid  in  a  porcelain 
dish,  and  evaporated  on  the  water-bath  until  the  nitric  acid  is 
expelled ;  the  residue  is  added  to  some  water  containing  sul- 
phuric acid,  the  sulphate  of  lead  left  undissolved  is  filtered  off 
at  once,  and  the  filtrate  tested  for  bismuth,  copper,  and  cad- 
mium (zinc  and  iron  may  possibly  be  present  also)  as  directed 
in  127  ;  X  precipitate,  after  being  washed,  is  tested  by  one 
of  the  methods  given  in  §  123. 

*  If  the  precipitate  thrown  down  from  the  acid  solution  by  sulphuretted  hydro- 
gen contains  sulphide  of  zinc  (see  note  *,  p.  296),  the  zinc  will  be  found  in  the  filtrate 
6oin  the  sulphide  of  cadmium  and  sulphide  of  copper,  and  is  precipitated  as  white 
•sulphide  of  zinc  on  adding  ammonia  to  the  solution,  and,  if  necessary,  a  little  sul- 
phide of  ammonium. 

f  If  the  precipitate  thrown  down  from  the  acid  solution  by  sulphuretted  hydro- 
gen contains  sulphide  of  iron  (see  note  *,  p.  296),  this  is  found  in  the  precipi- 
tate /3  produced  by  ammonia,  and  may  generally  be  detected  by  its  reddish-brown 
colour.  As  a  contirmatory  test,  sulpliocyanate  of  potassium  is  added  to  a  portion  of 
the  hydrochloric  acid  solution. 

X  For  another  method  of  separating  cadmium,  copper,  lead,  aud  bismuth  see 
the  Third  Section,  Second  Part,  Appendix  and  notes  to  §  193.  * 
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2.  The  precipitate  of  the  sul|p]iides  does  not  dissolve  133 
entirely  in  the  boiling  nitrio  acid,  but  leaves  a  resi- 
due, besides  the  sulphur  that  floats  in  the  fluid.  Mer- 
curic oxide  is  probably  present ;  if  the  precipitate  is  heavy  and 
black,  this  is  almost  certain.*  The  precipitate  is  allowed  to  bub- 
side,  and  the  solution,  which  is  still  to  be  tested  for  cadmium, 
copper,  lead,  and  bismuth,  is  filtered  off  (zinc  and  iron  may 
possibly  be  present) ;  a  small  portion  of  the  filtrate  is  mixed  with 
a  large  quantity  of  sulphuretted  hydrogen  water,  and  if  no  precipi- 
tate is  produced  some  ammonia  and  sulphide  of  ammonium  is 
added ;  if  any  precipitate  is  formed  or  a  coloration  becomes  visible, 
the  remainder  of  the  filtrate  is  treated  according  to  126- 

The  residue,  besides  sulphide  of  mercury,  may  also  contain  sul- 
phate of  lead  formed  by  the  action  of  the  nitric  acid  on  sulphide 
of  lead,  stannic  oxide,  and  possibly  sulphide  of  gold  and  sulphide  of 
platinum,  as  the  separation  of  the  sulphides  of  tin,  gold,  and  plati- 
num from  the  sulphides  of  the  metals  of  the  fifth  group  is  often 
incomplete.  This  residue  is  washed,  and  one  half  of  it  is  dissolved 
in  some  hydrochloric  acid,  with  addition  of  a  very  little  chlorate  of 
potassa,  and  the  solution  tested  for  merctu-y  f  with  copper  or  stan- 
nous chloride  (§  119).  The  other  half  is  fused  with  cyanide  of 
potassium  and  carbonate  of  soda,  and  the  fused  mass  treated  with 
water  ;  if  metallic  grains,  or  a  metallic  powder,  is  left  undissolved, 
this  residue  is  washed,  heated  with  nitric  acid,  and  the  solution 
obtained  is  tested  for  lead  with  sulphuric  acid.  If  the  nitric  acid 
leaves  a  residue,  this  is  washed,  and  any  hydrate  of  metastannic 
acid  which  it  may  contain  is  extracted  as  metastannic  chloride, 
according  to  §  130,  1.  Should  a  heavy  metallic  powder  be  left 
undissolved  in  the  process,  it  is  heated  with  aqua  regia,  and  the  ■ 
solution  tested  for  gold  and  platinum  as  directed  in  §  128.  f 

§  194.J  • 

Precipitation  witli  Sulphide  of  Ammonitun,  Separation  and 
Detection  of  the  Oxides  of  Groups  III.  and  IV. :  Alwnina, 
Sesquioxide  of  Chromium ;  Oxide  of  Zinc,  Protoxide  of  Mari- 
ganese,  Protoxide  of  Nickel,  Protoxide  of  Cobalt,  Oxides  of  Iron ; 
also  of  those  Scdts  of  the  Alkaline  Uarths  vjhich  are  precipitated 
hy  Ammonia  from  their  Solution  in  Hydrochloric  Acid :  Phos- 
phates, Borates,  Oxalates,  Silicates,  and  Fluorides, 

The  precipitation  of  the  above-named  bases  and  salts  by  ammo- 
nia and  sidphide  of  ammonium  is  satisfactory  only  when  organic 
substances  (especially  non-volatile  ones)  are  absent,  since  many  of 
them,  such  as  citric  acid,  interfere  with  the  precipitation  of  alumina, 

*  If  the  metallic  sulphides  (125)  have  been  boiled  with  concentrated  instead  of 
dilute  nitric  acid,  the  white  compound,  2HgS  +  HgO,N05  [2HgS  +  Hg(NO,)j],  will 
be  obtained  instead  of  the  black  sulphide.    Compare  §  119,  3. 

t  If  it  is  an  aqueous  solution,  or  a  solution  in  very  dilute  hydrochloric  acid,  the 
mercuric  oxide  was  present  in  the  original  substance  in  that  form  ;  but  if  the  solu- 
tion has  been  prepared  by  boiling  with  concentrated  hydrochloric  acid,  or  by  heat- 
iug  with  nitric  acid  or  aqua  regia,  the  mercury  may  have  been  originally  present 
as  mercuroua  oxide  or  chloride. 

4:  Compare  the  notes  in  the  Third  Section. 
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oxide  of  chromium,  phosphate  of  lime,  &c.  It  is  necessary,  there- 
fore, if  oi'ganic  matter  has  been  found  in  the  preliminary  examina- 
tion (10),  to  destroy  it  before  precipitating  with  ammonia  and  sul- 
phide of  ammonium.    There  are  therefore  two  sets  of  conditions. 

A.  Organic  Substances  are  Absent. 

A  small  portion  of  the  solution  in  which  sulphuretted  134 
hydrogen  has  failed  to  produce  a  precipitate  (110),  or 
the  filtrate  from  the  precipitate  if  formed  (112),  is  pu-t 
into  a  test-tube,  and  it  is  noted  whether  it  is  coloured  or  not ;  * 
it  is  now  boiled  to  expel  any  sulphuretted  hydrogen  which  may  be 
present,  a  few  drops  of  nitric  acid  added,  the  whole  boiled,  and  the 
colour  of  the  liquid  again  noted;  ammonia  is  then  cautiously 
added  just  to  alkaline  reaction,  the  solution  is  heated  (observe 
whether  this  produces  a  precipitate),  and  some  sulphide  of  ammo- 
nium added,  no  matter  whether  ammonia  has  produced  a  precipi- 
tate or  not. 

a.  Neither  ammonia  nor  sulphide  of  ammonium  135 
produces  a  precipitate.  Pass  on  to  §  195,  as  neither 
iron,  nickel,  cobalt,  zinc,  manganese,  sesquioxide  of  chromium, 
nor  alumina  is  present,  neither  are  phosphates,  borates,f 
silicates,  nor  oxalates  %  of  the  alkaline  earths ;  nor  fluorides  of 
the  metals  of  the  alkaline  earths,  nor  silicic  acid — originally 
in  combination  with  other  bases. 

h.  Sulphide  of  ammonium  produces  a  precipitate,  136 
but  ammonia  alone  does  not :  absence  of  phosphates, 
borates,f  silicates,  and  oxalates  t  of  the  alkaline  earths ;  of  the 
fluorides  of  the  metals  of  the  alkaline  earths ;  of  silicic  acid, 
originally  in  combination  with  other  bases ;  and  also  of  iron, 
sesquioxide  of  chromium,  and  alumina.    Pass  on  to  138- 

c.  Ammonia  produces  a  precipitate  before  the  addi-  137 
tion  of  sulphide  of  ammonium.    The  course  of  proceeding  to 
be  pursued  now  depends  on  whether  (a)  the  original  solu- 
tion was  simply  an  aqueous  solution,  and  has  a  neutral  re- 
action, or  (/3)  whether  it  is  acid  or  alkaline. 

a.  In  the  former  case  pass  on  to  138,  since  phosphates, 
borates,  oxalates,  and  silicates   of  the   alkaline  earths, 

*  If  the  solution  is  colourless,  it  contains  no  chromium,  or  only  traces  of  it. 
If  coloured,  the  nature  of  the  substance  present  may,  to  some  extent,  be  inferred 
from  the  tint ;  thus  a  green  tint,  or  a  violet  tint  turning  green  on  boiling,  points 
to  chromium  ;  a  bright  green  tint,  to  nickel;  a  reddish  colour,  to  cobalt;  if  the 
solution  turns  yellow  on  boiling  with  nitric  acid,  it  indicates  iron.  It  must,  how- 
ever, be  always  borne  in  mind  that  these  tints  are  perceptible  only  when  the 
metallic  oxides  are  present  in  large  quantity ;  moreover,  complementary  colours, 
such,  for  instance,  as  the  green  of  the  nickel  solution  and  the  red  of  the  cobalt 
solution,  will  destroy  each  other,  so  that  a  solution  may  contain  both  metals  and 
yet  appear  almost  colourless. 

t  If  much  chloride  of  ammonium  is  present,  it  has  a  great  tendency  to  prevent 
the  precipitation  of  the  borates  of  the  alkaline  earths. 

t  Oxalate  of  magnesia  is  thrown  down  from  hydrochloric  acid  solution  by 
ammonia  after  some  time  only,  and  never  comi)letely ;  dilute  solutions  are  not 
precipitated  by  ammonia. 
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fluorides  of  the  metals  of  the  alkaline  earths,  and  silicic 
acid  in  combination  with  other  bases  cannot  be  present. 

/3.  In  the  latter  case  pass  on  to  150,  for,  if  the  solution 
was  acid,  regard  must  be  had  to  the  possible  presence  of  all 
the  substances  enumerated  in  135.  If  the  original  solution 
was  alkaline,  it  is  also  examined  according  to  150;  as  a 
rule,  however,  it  is  only  necessary  to  test  for  the  bases  of 
the  third  and  fourth  groups  and  for  silicic  acid,  phosphate 
of  alumina,  and  phosphate  of  oxide  of  chromium,  as  it  is 
quite  an  exception  to  find  the  salts  of  the  alkaline  earths 
mentioned  in  135  in  an  alkaline  solution. 

1.  Detection  of  the  bases  of  Groups  III.  and  IV.  when  138 
phosphates,  &c.,  of  the  alkaline  earths  are  not  present.* 

The  solution  mentioned  at  the  beginning  of  134,  a  portion  of 
which  has  been  submitted  to  a  preliminary  examination,  is  mixed 
with  some  chloride  of  ammonium;  ammonia  is  then  added,  just  to 
alkaline  reaction,  and  lastly  sulphide  of  ammonium  until  the  liquid, 
after  being  shaken,  smeUs  distinctly  of  that  reagent ;  the  mixture 
is  now  shaken  until  the  precipitate  begins  to  separate  in  flakes, 
heated  gently  for  some  time,  and  filtered. 

The  filtrate,!  which  may  contain  the  bases  of  Groups  II.  and 
I.,  is  kept  for  subsequent  examination  according  to  §  195.  The 
precipitate  is  washed  with  water  to  which  a  very  little  sulphide 
of  ammonium  has  been  added,  and  treated  as  foUows  : — 

a.  It  is  pure  white  :  absence  of  iron,  cobalt,  and  nickel.  139 
It  must  be  tested  for  all  the  other  bases  of  Groups  III.  and 
IV.,  as  the  faint  tints  of  hydrated  oxide  of  chromium  and 
sulphide  of  manganese  are  impei'ceptible  in  a  large  quantity 
of  a  white  precipitate.  The  precipitate  is  dissolved  by  heating 
it  in  a  small  dish  with  the  least  possible  amount  of  hydro- 
chloric acid,  and  then  boiled  until  the  sulphuretted  hydrogen  (if 
any  is  evolved)  is  completely  expelled;  to  the  solution,  filtered 
if  necessary,  and  concentrated  by  evaporation  to  a  small  hulk,% 
a  tolerably  concentrated  solution  of  soda  or  potassa  is  added 
in  excess,  the  whole  heated  to  boiling,  and  kept  for  some 
time  in  a  state  of  ebullition. 


a.  The  precipitate  formed  at  first  dissolves  completely  in  the  140 
excess  of  soda :  absence  of  manganese  and  chromium, 
presence  of  alumina  or  oxide  of  zinc.  A  portion  of  the 
alkaline  solution  is  tested  with  sulphuretted  hydrogen 
water  (a  little,  not  excess)  for  zinc;  the  remainder  is 

*  This  simpler  method  fully  answers  the  purpose  in  most  cases ;  for  very 
accurate  analysis,  the  method  beginning  at  150  is  preferable,  as  this  allows  of  the 
detection  of  any  minute  quantities  of  the  alkaline  earths  which  may  have  beea 
thrown  down  with  alumina  or  sesquioxide  of  chi-omium.  Solutions  which  are  dis- 
tinctly coloured  by  chromium,  and  therefore  contain  relatively  much  oxide  of 
chromium,  should  always  be  examined  by  150. 

t  If  the  filtrate  is  brownish,  this  points  to  nickel ;  sulphide  of  nickel,  as  is  well 
known,  being  slightly  soluble  in  sulphide  of  ammonium  under  certain  conditions. 
In  this  case,  the  solution  is  acidified  with  acetic  acid,  heated  for  some  time,  the 
sulphide  of  nickel  separated  by  filtration,  and  the  fdtrate  treated  as  in  §  195. 

X  Compare  §  106,  6. 
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acidified  with  liydrochloric  acid,  ammonia  added  in  slight 
excess,  and  the  sohition  warmed.  A  white  flocculent  pre- 
cipitate insohible  in  more  chloride  of  ammonium  indicates 
alumina.* 

/3.  The  precipitate  formed  does  not  dissolve,  or  dissolves  only  141 
partially  in  the  excess  of  soda.  The  solution  is  diluted, 
filtered,  and  the  filtrate  tested  for  zinc  and  alumina 
according  to  140-  The  undissolved  precipitate,  which 
looks  brown  or  brownish  if  it  contains  manganese,  is 
washed  and  treated  as  follows  : — 

aa.  If  the  colour  of  the  solution  gives  you  no  reason  to 
suspect  the  presence  of  chromium,  test  the  precipitate  for 
manganese,  with  carbonate  of  soda  in  the  outer  blow- 
pipe flame. 

hh.  When,  however,  the  colour  of  the  solution  indicates  142 
chromium,  the  examination  of  the  residue  insoluble  in 
solution  of  soda  becomes  more  complicated,  since  in  that 
case  it  may  contain  oxide  of  zinc  also,  possibly  even  the 
whole  of  the  latter  which  is  present  (§  112).  The  pre- 
cipitate, therefore,  is  dissolved  in  hydrochloric  acid,  the 
solution  evaporated  to  a  small  residue,  washed  into  a 
small  flask  with  some  water,  and  the  free  acid  nearly 
neutralized  with  carbonate  of  soda ;  carbonate  of  baryta 
is  now  added  to  the  clear  liquid  in  slight  excess,  the 
mixture  allowed  to  digest  in  the  cold  with  frequent 
shaking  until  the  liquid  has  become  colourless  (this 
sometimes  takes  a  tolerably  long  time),  filtered,  and  the 
precipitate  tested  for  chromium,  by  fusion  with  car- 
bonate of  soda  and  chlorate  of  potassa  (§  102,  8).  The 
baryta  is  removed  from  the  filtrate  by  sulphuric  acid,  it 
is  then  filtered,  evaporated  to  a  small  residue,  and  con- 
centrated solution  of  potassa  or  soda  added  in  excess; 
the  filtrate  is  tested  for  zinc  with  sulphuretted  hydro-  • 
gen,  the  precipitate,  if  any,  for  manganese  as  in  aa. 

b.  It  is  not  white:  this  indicates  chromium,  manganese,  143 
iron,  cobalt,  or  nickel.    If  it  is  black,  or  inclines  to  black,  one 
of  the  three  metals  last  mentioned  is  present.    Under  any 
circumstances,  aU  the  oxides  of  Groups  III.  and  TV.  must  be 
looked  for. 

The  washed  precipitate  is  removed  from  the  filter  by  means 
of  a  spatula,  or  by  rinsing  it  with  the  aid  of  a  washing-bottle 
through  a  hole  made  in  the  bottom  of  the  filter,  and  rather 
dilute  cold  hydrochloric  acid  (1  part  of  hydrochloric  acid 
sp.  gr,  1*12  :  5  parts  of  water)  is  pou.red  on  to  it  in  moderate 
excess. 

a.  It  dissolves  completely  (except  perhaps  a  Httle  sulphur) :  I44 

*  It  is  of  course  assumed  that  the  soda  or  potassa  used  is  free  from  alumina 
and  silicic  acid.  Aa  this  ia  often  not  the  case,  it  is  convenient  to  make  a  compara- 
tive experiment  with  a  aimilar  (quantity  of  the  alkali  alone  ;  if  a  very  small  preci- 
pitate is  obtained  whilst  that  oljtained  in  the  analysis  (140)  ia  far  larger  the  presence 
of  alumina  in  the  substance  may  be  safely  inferred,  °  ' 

x2 
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absence  of  cobalt  and  nickel,  or  at  least  of  notable  quantities 
of  these  two  metals. 

The  sohition  is  boiled  until  the  sulphuretted  hydrogen  is 
comfletely  expelled,  nitric  acid  added,  the  mixture  boiled, 
filtered  if  particles  of  sulphur  are  suspended  in  the  liquid, 
and  concentrated  by  evaporation  to  a  small  hulk;  con- 
centrated solution  of  potassa  or  soda  in  excess  is  then 
added,  the  mixture  boiled  for  some  time  with  constant 
stirring,  diluted,  and  filtered  from  the  insoluble  precipitate 
which  is  sure  to  remain ;  the  latter  is  washed.  The  exami- 
nation of  the  filtrate  is  first  proceeded  with,  then  that  of 
the  precipitate. 

aa.  A  small  portion  of  t\iQ  filtrate  is  tested  for  zinc  145 
by  sulphuretted  hydrogen;  the  remainder  is  acidified 
with  hydrochloric  acid,  and  then  tested  with  ammonia 
for  alumina.  Compare  MO- 
SS. A  small  portion  of  the  2}reGipitate  is  dissolved  in  146 
hydrochloric  acid  and  tested  for  iron*  by  ferrocyanide 
of  potassium  added  drop  by  drop,  or  by  sulphocyanate  of 
potassium.  Another  portion  is  tested  for  chromium 
by  fusion  with  carbonate  of  soda  and  chlorate  of  potassa, 
and  boiling  out  the  melt  with  water.  If  the  melt  or  its 
aqueous  solution  is  yellow,  chromium  is  present;  if  it  is 
green  or  red  from  the  presence  of  manganate  or  perman- 
ganate of  soda,  it  must  be  heated  with  a  few  drops  of 
alcohol.  If  no  chromium  has  been  found,  and  it  cannot 
be  inferred,  from  the  green  or  red  colour  of  the  melt  or  its 
solution,  that  manganese  is  present,  the  remainder  of  the 
precipitate  is  examined  for  manganese,  by  carbonate  of 
soda  in  the  oxidizing  flame.  If  chromium  is  present,  on 
the  other  hand,  the  remainder  of  the  precipitate  is  dis- 
solved in  hydrochloric  acid  and  tested  for  manganese 
and  zinc  (the  whole  of  which  may  possibly  be  in  this 
precipitate  (§  112)  )  as  directed  in  142- 

/3.  The  precipitate  is  not  completely  dissolved,  a  black  147 
residue  being  left.  This  indicates  cobalt  and  nickel. 
This  indication  is  not  certain,  especially  in  the  presence  of 
much  sulphide  of  iron,  particles  of  which  may  become 
enveloped  in  the  separated  sulphur,  and  thus  be  protected 
from  the  action  of  the  hydrochloric  acid.  The  mixture  is 
filtered,  the  precipitate  washed,  and  the  filtrate  examined 
according  to  144-  The  precipitate  together  with  the  filter  is 
ignited  in  a  porcelain  crucible  until  the  filter  is  incinerated. 

The  residue  is  warmed  with  hydrochloric  acid  and  a  drop  148 
or  two  of  nitric  acid,  water  added,  then  ammonia  in 
moderate  excess,  and  the  solution  filtered.  _ 

The  ammoniacal  filtrate  will  be  blue  if  much  nickel  is 

•  As  pruasian-blue  dissolves  in  ferrocyanide  of  potassium  to  a  colourless  soln- 
tion  small  quantities  of  iron  may  easily  be  overlooked  if  the  ferrocyanide  is  added 
rapidly  in  large  quantity.  The  original  solution  must  be  tested  with  ferncyanido 
of  potassium  and  sulphocyauate  of  potassium  to  see  whether  theii-ouM-as  present  as 
ferrous  or  ferric  oxide. 
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present,  brownish  if  there  is  much  cobalt,  and  will  have  a 
less  distinct  mixed  colour  if  both  metals  are  present.  A 
portion  of  it  is  tested  with  sulphide  of  ammonium ;  it  a 
black  precipitate  is  formed,  which  does  not  re-dissolve  on 
acidifying  with  hydrochloric  acid,  the  presence  of  cobalt 

or  nickel  is  proved.  .  . 

In  that  case,  the  rest  of  the  ammoniacal  solution  is  evapo- 
rated to  dryness,  the  ammonia  salts  driven  oli  by  gentle 
ignition,  and  the  residue  treated  as  follows  :— 

aa  A  small  portion  of  it  is  tested  with  borax,  first  in 
the  outer  and  then  in  the  inner  blowpipe  flame.  It  the 
bead  in  the  oxidizing  flame  is  violet  whilst  hot,  and  ot  a 
pale  reddish-brown  when  cold,  and  becomes  gray  and  turbid 
in  the  reducing  flame,  nickel  is  present ;  but  if  the  colour 
of  the  bead  is  blue,  whether  it  is  hot  or  cold,  or  whether 
heated  in  the  outer  or  the  inner  flame,  cobalt  is  present. 
As  in  the  latter  case  the  presence  of  nickel  cannot  be 
distinctly  recognized,  and  also  if  much  nickel  is  present 
traces  of  cobalt  may  be  overlooked,  the  examination  is 
conducted  as  follows  : — 

bb  The  remainder  of  the  residue  is  dissolved  in  hydro-  149 
chloric  acid  and  a  few  drops  of  nitric  acid,  evapora,ted 
nearly  to  dryness,  carbonate  of  soda  added  to  alkahne 
reaction,  then  acetic  acid  until  the  precipitate  produced  is 
re-dissolved,  and  lastly  nitrite  of  potassa  (§  109,  l^)- 
a  yellow  precipitate  is  formed  in  the  solution  acidifled 
with  acetic  acid  after  it  has  stood  for  some  time  at  a 
gentle  heat,  this  confirms  the  presence  of  cobalt.  After 
about  twelve  hours,  the  solution  is  filtered,  and  the  filtrate 
tested  with  solution  of  soda  for  nickel. 

2.  Detection  of  the  bases  of  Groups  III.  and  IV.  in  cases  150 
where  phosphates,  borates,  oxalates,  and  silicates  of  the  alka- 
line earths,  fluorides  of  the  metals  of  the  alkaline  earths,  or 
hydrate  of  'silicic  acid  may  possibly  have  been  thrown  down 
with  these  bases,  that  is,  in  cases  where  the  original  solution  was 
acid  (or  alkalme,  compare  137)  and  a  precipitate  was  produced  by 
ammonia  in  the  preliminary  examination  of  134- 

The  solution  mentioned  in  134  is  mixed  with  some  chloride  ot 
ammonium,  then  with  ammonia  until  the  reaction  is  just  alkaline, 
l^^stly  with  sulphide  of  ammonium  until  the  liquid,  after  being 
shaken,  smells  distinctly  of  the  reagent;  the  mixture  is  shaken 
until  the  precipitate  begins  to  separate  in  flakes,  heated  gently 
for  some  time,  and  filtered.  i  t  • 

The  filtrate,  which  may  contain  bases  of  Groups  II.  and  l.,is 
kept  for  subsequent  examination  according  to  §  195.*  The  pre- 
cipitate is  washed  with  water  to  which  a  very  little  sulphide  of 
ammonium  has  been  added,  and  then  examined  in  the  following 
way.    To  gain  a  clear  notion  of  the  difficulties  to  bo  overcome  in 

*  If  this  is  brown  from  the  presence  of  nickel,  it  must  be  treated  as  described 
in  the  note  t,  p.  306. 
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this  analytical  process,  it  should  be  remembered  that  it  is  necessai-y 
to  examine  the  precipitate  for  the  following  substances:  Iron, 
nickel,  cobalt  (these  show  their  presence  to  a  certain  extent  by 
the  black  or  blackish  colour  of  the  precipitate),  manganese,  zinc, 
oxide  of  chromium,  and  phosphate  of  oxide  of  chromium  (the  last 
two  are  usually  indicated  by  the  colour  of  the  solution),  alumina 
and  phosphate  of  alumina ;  also  baryta,  strontia.,  lime,  and  magnesia, 
these  may  have  been  thrown  down  in  combination  with  phosphoric 
acid,  boric  acid,  oxalic  acid,  silicic  acid,  in  the  form  of  fluorides,  or 
in  combination  with  sesquioxide  of  chromium.  Besides  all  these 
substances,  hydrate  of  silicic  acid  and  free  sulphur  may  be  present 
in  the  precipitate. 

_  As  the  original  substance  must  be  afterwards  examined  for  all  151 
acids  that  might  possibly  be  present,  it  is  not  indis2)ensahle  to  test 
for  the  above  enumerated  acids  at  this  stage  ;  yet,  as  it  is  often  of 
interest  to  detect  these  acids  at  once,  especially  in  cases  where  a 
somewhat  large  proportion  of  some  alkaline  earth  has  been  found  in 
the  sulphide  of  ammonium  precipitate,  the  method  of  detecting  the 
acids  in  question  will  be  appended  to  the  method  for  the  detection 
of  the  bases. 

As  soon  as  the  washing  is  finished,  the  precipitate  is  removed  152 
from  the  filter  by  means  of  a  small  spatula  or  with  the  washing- 
bottle,  and  cold  dilute  hydrochloric  acid  (1  part  of  hydrochloric 
acid  sp.  gr.  1-12  with  about  5  parts  of  water)  in  moderate  excess 
is  poured  over  it. 

a.  A  residue  remains.  The  solution  is  filtered,  and  the  153 
filtrate  treated  as  directed  in  154-  The  residue,  if  it  is  black, 
may  contain  sulphide  of  nickel  and  sulphide  of  cobalt,  and, 
besides  these,  sulphur  and  silicic  acid,  possibly  also  fluoride  of 
calcium  (which  is  somewhat  sparingly  soluble  in  hydrochloric 
acid) ;  it  is  washed,  and  a  part  of  it  warmed  with  hydrochloric 
and  a  little  nitric  acid,  evaporated  to  dryness,  and  the  i-esidue 
treated  with  hydrochloric  acid  and  water.  If  silicic  acid 
is  present  it  remains  undissolved;  the  solution  or  filtrate  is 
tested  for  cobalt  or  nickel,  according  to  148-  The  rest  of 
the  precipitate  is  incinerated  and  tested  first  for  fluorine — 
according  to  §  146,  5^  if  silicic  acid  is  absent;  according  to 
§  146,  6,  if  silicic  acid  is  ]Dresent.  If  fluorine  has  been  found, 
the  residue  left,  after  testing  for  fluorine  with  sulphuric  acid, 
is  examined  for  lime  by  treating  it  with  a  little  water,  filter- 
ing, and  adding  three  times  its  volume  of  alcohol  (compare 
155,  cm). 

h.  There  is  no  residue  (except  a  little  sulphur,  whose  154 
purity  is  to  be  proved  by  washing,  drying,  and  burning)  : 
absence  of  nickel  and  cobalt,  at  least  in  any  notable  j^ro- 
portion. 

The  solution  is  boiled  until  the  sulphuretted  hydrogen  is 
expelled,  filtered  if  necessary,  and  then  tested  as  follows  : — 

a.  A  small  portion  of  the  solution  is  mixed  with  dilute  155 
sulphuric  acid. 

aa.  Tlhe,re  is  no  precijntate.    The  solution  is  mixed  Avith 
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thrice  its  volume  of  spirit  of  wine.  If  a  white  precipitate 
is  formed,  this  consists  of  sulphate  of  lime ;  it  is  collected, 
dissolved  in  water,  and  oxalate  of  ammonia  added  to  the 
filtered  solution.* 

hh.  Dilute  sulphuric  acid  produces  a  precipitate.  This 
may  consist  of  the  sulphates  of  baryta  and  strontia, 
possibly  also  of  sulphate  of  lime.  The  sobition  is  filtered 
and  examined  for  lime  according  to  aa.  _  The  precipitate 
is  washed,  or  decomposed  by  fusing  it  with  carbonate  of 
potassa  and  soda  mixture,  the  carbonates  produced  are 
Avashed,  dissolved  in  hydrochloric  acid,  evaporated  to 
dryness,  taken  up  with  water,  and  the  solution  tested  as 
directed  ia  164- 

/3.  A  somewhat  larger  sample  is  heated  with  some  nitric  156 
acid,  and  a  small  portion  of  the  solution  tested  for  iron  j 
with  ferrocyanide  of  potassium  added  drop  by  drop,  or  with 
sulphocyanate  of  potassa  ;  the  remainder  is  mixed  with  so 
much  ferric  chloride  t  that  a  drop  of  the  solution  will  give 
a  yellowish  precipitate  when  mixed  with  a  drop  of  ammonia 
on  a  watch-glass ;  the  solution  is  then  evaporated  on  a  water- 
bath  to  a  small  bulk,  washed  into  a  flask  with  a  little  water, 
a  few  drops  of  carbonate  of  soda  added  just  sulflcient  to 
nearly  neutralize  the  free  acid,  and  lastly  to  the  still  clear 
solution  carbonate  of  baryta  in  excess ;  it  is  now  shaken  and 
allowed  to  remain  in  the  cold  until  the  liquid  above  the 
precipitate  has  become  colourless.  The  precipitate  aa  is 
separated  from  the  solution  bb  by  filtration,  and  washed. 

aa.  The  precipitate  is  boiled  for  some  time  with  solu-  157 
tion  of  soda  or  potassa,  filtered,  and  the  filtrate  tested  for 
alumina,!  by  acidifying  it  with  hydrochloric  acid,  add- 
ing ammonia  to  alkaline  reaction,  and  boiling.  The  part 
of  the  precipitate  insoluble  in  solution  of  soda  is  examined 
for  chromium,  b}'-  fusion  with  chlorate  of  potassa  and 
carbonate  of  soda  (§  102,  8),  and  heating  the  fused  mass 
with  water. 

bb.  The  solution  is  first  mixed  with  a  few  drops  of 
hydrochloric  acid,  boiled  to  expel   the  whole  of  the 

*  As  the  precipitated  sulphate  of  lime  may  also  contain  traces  of  sulphate  of 
strontia,  it  is  advisable,  inaccurate  analyses,  to  take  the  precaution  to  extract  with 
water  and  test  the  residue  spectroscopically  for  strontia  (g  96,  8). 

+  The  original  solution  in  hydrochloric  acid  must  be  tested  with  ferricyanide  of 
potassium  and  sulphocyanate  of  potassium  to  ascertain  whether  the  iron  was  present 
as  ferrous  or  ferric  oxide. 

X  The  addition  of  ferric  chloride  is  necessary  to  effect  the  separation  of  any 
phosphoric  acid  and  silicic  acid  which  may  be  present.  These,  as  weU  as  oxalic 
acid,  boric  acid,  and  fluorine,  may  be  in  the  precipitate  produced  by  carbonate 
of  baryta. 

II  If  the  solution  or  the  soda  contains  silicic  acid,  the  precipitate  taken  for 
alumina  may  also  contain  silicic  acid.  If  this  is  to  be  suspected,  the  remainder  of 
the  supposed  alumina  precipitate  is  ignited  on  the  lid  of  a  platinum  crucible,  some 
acid  sulphate  of  potassa  added,  the  mixture  fused,  and  treated  with  hydrochloric 
acid,  which  will  dissolve  the  alumina,  leaving  the  silicic  acid  undissolved;  the 
alumina  is  thrown  down  from  the  solution  by  ammonia. 
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carbonic  acid,  some  ammonia  added,  and  then  sulphide 
of  ammonium. 

aa.  There  is  no  precipitate:  absence  of  manganese  158 
and  zinc.  The  solution  containing  chloride  of  barium 
is  mixed  with  dilute  sulphuric  acid  in  sUght  excess, 
boiled,  filtered,  supersaturated  with  ammonia,  and 
oxalate  of  ammonia  added.  If  a  precipitate  of  oxalate 
of  lime  is  formed,  it  is  filtered  off,  and  the  filtrate 
tested  for  magnesia  with  phosphate  of  soda. 

/3/3.  A  fredintate  is  formed.  This  is  filtered  off  and  159 
the  filtrate  treated  according  to  158.  The  precipitate, 
which  may  contain  sulphide  of  manganese,  sulphide  of 
zinc,  with  traces  of  sulphide  of  cobalt  and  sulphide  of 
nickel,  is  washed  and  tested  for  manganese,  zinc, 
cobalt,  and  nickel,  according  to  143-150  (if  the 
last  two  metals  have  not  been  found  in  153). 

y.^  If  alkaline  earths  have  been  found  in  a  and  /3,  and  it  160 
is  wished  to  know  what  acids  were  in  combination  with 
them  in  the  precipitate  produced  by  sulphide  of  ammonium, 
the  following  experiments  may  be  made  with  the  remainder 
of  the  hydrochloric  acid  solution  of  the  sulphide  of  am- 
monium precipitate.  It  is  to  be  noted  that  phosphoric  acid 
in  combination  with  alumina  or  oxide  of  chromium  may  be 
present  in  the  sulphide  of  ammonium  precipitate. 

aa.  A  small  portion  of  the  solution  is  evaporated  on 
the  water-bath  to  dryness,  in  a  dish  or  watch-glass,  the 
residue  dried  thoroughly  in  the  water-bath,  and  then 
treated  with  hydrochloric  acid.  If  there  is  any  silicic 
a  ci d  in  the  solution,  it  will  be  left  undissolved.  The  solu- 
tion is  evaporated  with  nitric  acid  and  tested  for  phos- 
phoric acid,  by  means  of  molybdic  acid  (§  142,  10). 

66.  Another  portion  is  concentrated  by  evaporation, 
mixed  with  carbonate  of  soda  in  excess,  boiled  for  some 
time,  and  filtered ;  one  portion  of  the  filtrate  is  examined 
for  oxalic  acid,  by  acidifying  with  acetic  acid  and  add- 
ing solution  of  sulphate  of  lime;  another  portion  for 
boric  acid,  by  slightly  acidifying  with  hydrochloric  acid, 
and  testing  with  turmeric-paper  (§  144,  6,  and  §  145,  5). 

cc.  The  remainder  of  the  solution  is  precipitated  with 
ammonia,  the  precipitate  collected,  washed,  dried,  and 
examined  for  fluorine  according  to  §  146,  5  and  6, 
respectively. 

B.  Organic  Substances  are  Present. 

In  this  case,  the  liquid  in  which  sulphuretted  hydrogen  has  161 
caused  no  precipitate  (110),  or  which  has  been  filtered  off  from 
any  precipitated  sulphides  (112),  is  divided  into  two  portions  of 
about  one-third  and  two-thirds  respectively.  The  smaller  portion 
is  examined  for  alkalies  according  to  §  197,  and  the  larger,  after 
the  organic  matter  has  been  destroyed,  is  examined  for  the  alkaline 
earths  and  the  bases  and  salts  treated  of  in  §  194.    For  this 
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purpose,  it  is  evaporated  nearly  to  dryness,  a  slight  excess  of 
carbonate  of  soda  added  and  some  nitrate  of  potassa,  the  mixture 
heated  in  a  platinum  vessel  until  all  the  organic  matter  is  de- 
stroyed, the  melt  soaked  in  water,  hydrochloric  acid  added  to  it  in 
a  glass  or  porcelain  vessel,  the  mixture  heated,  if  the  solution  is 
yellow  from  the  presence  of  chromic  acid,  a  little  alcohol  must  be 
added;  see  §  138,  5),  and  the  solution  examined  according  to  134- 

§  195.* 

Separation  and  Detection  of  the  Oxides  of  Group  II.  which  are 
j)recipitated  hy  Carbonate  of  Ammonia  in  Presence  of  Chloride  of 
Ammonium,  viz.,  Baryta,  Strontia,  Lime. 

Before  commencing  the  examination,  it  must  be  decided  whether 
it  is  to  be  an  ordinary  analysis,  or  a  strictly  accurate  one  in  which 
minute  traces  of  the  alkaline  earths  are  to  be  detected  if  present. 
Tor  ordinary  analyses,  the  method  A  suffices,  but  for  strictly accui-ate 
analyses  the  method  B  must  be  followed. 

A.  Method  for  an  Ordinary  Analysis. 

To  a  small  portion  of  the  solution  in  which  am- 162 
monia  and  sulphide  of  ammonium  have  failed  to  pro- 
duce a  precipitate  (135),  or  of  the  filtrate  from  the 
precipitate,  if  formed,  chloride  of  ammonium  is  added, 
if  there  is  no  ammoniacal  salt  in  the  solution,  then 
carbonate  of  ammonia  and  some  caustic  ammonia;  and 
the  mixture  is  heated  for  some  time  very  gently  (not 
to  boihng). 

1.  There  is  no  precipitate:  absence  of  any  notable  quan- 
tity of  baryta,  strontia,  or  lime.  Traces  of  these  alkahne  earths 
may,  however,  be  present ;  in  order  to  detect  them,  proceed  as 
follows.    Some  sulphate  of  ammonia  (prepared  by  supersaturating 

./dilute  sulphuric  acid  with  ammonia)  is  added  to  another  portion  of 
the  solution ;  if  it  becomes  turbid,  it  contains  traces  of  baryta.  To 
a  third  portion  some  oxalate  of  ammonia  is  added,  and  it  is  allowed 
to  stand ;  if  the  liquid  becomes  turbid,  traces  of  lime  are  present. 
The  remainder  of  the  solution  is  treated  as  directed  in  §  196,  after 
the  traces  of  lime  and  baryta  which  may  be  present  have  been 
removed  by  means  of  the  reagents  that  have  served  to  detect  them. 

2.  A  precipitate  is  formed:  presence  of  lime,  baryta,  163 
or  strontia.    The  whole  of  the  solution,  of  which  a  portion  has 
been  tested  with  ammonia  and  carbonate  of  ammonia,  is  treated  in 

the  same  way  as  the  sample,  the  precipitate  which  is  formed  is 
filtered  oS",  after  gently  heating,  and  portions  of  the  filtrate  are 
tested  with  sulphate  and  oxalate  of  ammonia  for  traces  of  lime  and 
baryta,  which  it  may  possibly  still  contain ;  should  these  be  found, 
they  are  removed  by  means  of  the  said  reagents,  and  the  solution, 
thus  perfectly  freed  from  baryta,  strontia,  and  lime,  is  examined 
for  magnesia,  according  to  §  196.    The  precipitate  produced  by 

*  Compare  the  notes  in  the  Third  Section, 
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carbonate  of  ammonia  is  washed,  dissolved  in  the  smallest  possible 
quantity  of  dilute  hydrochloric  acid,  and  evaporated  to  dryness  on 
the  water-bath;  a  small  portion  of  the  residue  is  treated  with 
a  little  water,  and  an  equal  volume  of  solution  of  sulphate  of  lime 
added  to  this  concentrated  solution  containing  little  or  no  free  acid. 

a.  ~So  precipitate  is  formed,  even  after  the  lapse 
of  some  time:  absence  of  baryta  and  strontia,*  presence  of 
lime.  As  a  confirmatory  test  the  remainder  of  the  residue  is 
boiled  with  a  concentrated  solution  of  sulphate  of  ammonia, 
filcered,  and  tested  with  oxalate  of  ammonia. 

h.  A  precipitate  is  produced  by  solution  of  sul- 
phate of  lime. 

a.  It  is  formed  immediately ;  this  indicates  baryta.  164: 
Besides  this,  strontia  and  lime  may  also  be  present. 

The  remainder  of  the  residue  obtained  by  evaporating 
the  hydrochloric  acid  solution  of  the  precipitate  produced  by 
carbonate  of  ammonia  is  digested  with  strong  alcohol,  the 
solution  decanted  from  the  undissolved  chloride  of  barium, 
diluted  with  an  equal  volume  of  water,  mixed  with  a  few 
drops  of  hydrofluosilicic  acid  (which  will  throw  down  the 
small  portion  of  baryta  that  had  dissolved  in  the  form  of 
chloride  of  barium),  and  allowed  to  stand  for  some  time ;  it 
is  then  filtered,  and  dilute  sulphuric  acid  and  alcohol  added 
to  the  filtrate.  The  formation  of  a  precipitate  indicates  the 
presence  of  strontia  or  lime,  or  of  both.  After  some  time 
the  precipitate  is  filtered  ofi"  and  tested  according  to  pp. 
101—102  for  strontia  and  lime.  It  should  be  noted  that, 
although  the  separation  by  boiling  the  suljDhates  with  sul- 
phate of  ammonia  sufiices  for  ordinary  cases,  in  very  deHcate 
analyses  the  nitrates  must  be  separated  by  means  of  ether- 
alcohol,  and  the  residue  examined  spectroscopically. 

/3.  The  2^recijntate  is  formed  only  after  some  time :  absence  165 
of  baryta,  presence  of  strontia.  Concentrated  solution  of 
sulphate  of  ammonia,  in  not  too  small  a  quantity,  is  added 
to  the  remainder  of  the  residue  from  2,  p.  313-14,  and 
the  whole  boiled  for  some  time,  renewing  the  water  as  it 
evaporates,  and  adding  ammonia  to  keep  the  liquid  alkaline. 
The  undissolved  sulphate  of  strontia  is  then  separated  by 
filtration,  and  the  filtrate  tested  for  lime  mth  oxalate  of 
ammonia. 

B.  Method  for  Very  Accurate  Analyses. 

As  the  precipitation  of  baryta,  strontia,  and  lime,  by  means  of  166 
carbonate  of  ammonia,  is  affected  by  the  presence  of  large  quantities 
of  ammonia  salts,  they  must  be  removed  before  testing  for  the 
alkaline  earths,  whether  oi-iginally  present  or  introduced  in  the 
preceding  operation.    For  this  purpose,  the  solution,  to  which 

*  Very  minute  traces  of  strontia  cannot  be  detected  in  tins  way,  as  the  sulphate 
of  strontia,  although  very  sparingly  soluble,  is  not  absolutely  insoluble.  For  the 
method  of  detecting  minute  traces  of  strontia  see  §  99. 
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ammonia  and  sulphide  of  ammonium  have  been  added  with  negative 
results  (135),  is  evaporated  at  once  to  dryness,  or  the  filtrate  from 
the  precipitate,  obtained  by  means  of  ammonia  and  sulphide  of 
ammonium,  is  boiled  for  some  time  with  hydrochloric  acid,  the 
sulphur  filtered  off,  and  the  filtrate  evaporated  to  dryness.  In 
either  case  the  ammonia  salts  are  got  rid  of  by  heating ;  the  residue 
is  then  moistened  with  hydrochloric  acid,  water  and  ammonia  added, 
the  solution  filtered,  and  the  filtrate  treated  according  to  162- 

§  196. 

Examination  for  Magnesia. 

To  a  portion  of  the  solution  in  which  carbonate, 
sulphate,  and  oxalate  of  ammonia  have  failed  to  pro- 
duce a  precipitate  (162),  or  of  the  filtrate  from  such 
precipitate  if  formed  (163),  chloride  of  ammonium 
is  added  if  ammonia  salts  are  not  already  present, 
then  some  ammonia  and  phosphate  of  soda;  should  a 
precipitate  not  form  at  once,  the  inner  sides  of  the 
test-tube  should  be  rubbed  with  a  glass  rod,  and  the 
mixture  allowed  to  remain  for  some  time, 

1.  E"o  precipitate  is  formed:  absence  of  magnesia.  Pass  167 
on  to  §  197. 

2.  A  crystalline  precipitate  is  formed:  presence  of 
magnesia.  To  test  for  the  alkalies,  pass  on  to  §  197.  Phosphate 
of  magnesia  and  ammonia  is  invariably  crystalline ;  if  phosphate  of 
soda  produces  a  slight  flocculent  precipitate,  it  does  not  necessarily 
follow  that  magnesia  is  present.  The  slight  flocculent  precipitate, 
which  is  sometimes  obtained  here,  may  consist  of  phosphate  of 
alumina.  It  is  produced  when  alumina  is  present  in  the  original 
substance,  and  too  large  an  excess  of  ammonia  has  been  used  in 
precipitating  the  oxides  of  the  third  and  fourth  groups.  Its 
formation  depends  on  the  fact  that  phosphate  of  alumina  is  less 
soluble  in  ammonia  than  the  hydrate.  Phosphate  of  alumina  diffei's 
also  from  phosphate  of  ammonia  and  magnesia  in  that  it  is  in- 
soluble in  acetic  acid.  In  order  to  ascertain  with  certainty  whether 
magnesia  is  present  or  not  in  the  flocculent  precipitate  thrown 
down  by  phosphate  of  soda,  this  is  collected,  treated  with  a  little 
acetic  acid,  and  the  solution  filtered;  the  filtrate,  which  should 
give  no  turbidity  with  sulphate  or  oxalate  of  ammonia,  is  then 
tested  with  ammonia  and  a  few  drops  of  phosphate  of  soda.  If 
magnesia  is  present,  a  crystalline  precipitate  will  be  obtained. 

§  197. 

Examination  for  Potassa  and  Soda. 

Any  of  the  following  solutions  will  do  to  test  for  potassa  and 
soda. 

1.  If  organic  substances  are  absent. 

a.  The  remainder  of  the  solution  tested  for  magnesia  with 
negative  results  (§  190,  1). 
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b.  The  remainder  of  the  solution  in  which  ma;?nesia  has 
been  detected  (§  196,  2). 

2  If  organic  substances  are  present. 

llie  third  of  the  sokition  in  which  sulphuretted  hydrogen 
tormed  no  precipitate  (HO),  or  the  filtrate  from  the  solution  in 
wliicli  It  produced  a  precipitate  (112). 

A  different  process  will  have  to  be  adopted  accordingly  as  one 
or  the  other  of  these  solutions  is  employed: 

a.  In  the  case  of  1,  a. 

A  portion  of  the  solution  which  was  found  to  contain  no  168 
magnesia  (§  196,  1)  is  gradually  evaporated  to  dryness  on 
the  lid  of  a  platinum  crucible  and  gently  ignited :  if  there  is 
no  residue,  potassa  and  soda  are  absent;  pass  on  to  §  198. 
it  a  residue  remains,  the  whole  of  the  solution  is  treated  in 
a  similar  manner,  and  the  residue  free  from  ammonia  salts 
IS  examined  according  to  169. 

/3.  In  the  case  of  l,h. 

The  remainder  of  the  solution  in  which  magnesia  had 
been  detected  (§  196,  2)  is  evaporated  to  dryness,  ignited 
until  all  the  ammonia  salts  are  removed,  and  the  residue 
heated  with  water  and  a  few  drops  of  chloride  of  barium 
added.  If  a  precipitate  is  formed,  a  few  more  drops  of 
chloride  of  barium  are  added  until  no  further  precipitate  is 
produced,  and  then  baryta  water,  prepared  from  crystals  of 
baryta,  or  a  thin  milk  of  Hme  perfectly  freed  from  all  alka- 
lies by  repeated  extraction  with  water,  is  added  until  the 
solution  strongly  browns  turmeric-paper.  After  boiling  for 
some  time,  the  solution  is  filtered,  ammonia  and  a  shght 
excess  of  carbonate  of  ammonia  added  to  the  filtrate,  the 
whole  gently  warmed  for  some  time,  and  filtered;  the 
filtrate  is  then  evaporated  to  dryness  and  gently  ignited 
until  all  the  ammonia  salts  are  driven  off".  If  there  is  no 
residue,  potassa  and  soda  are  absent ';  pass  on  to  §  198.  If  a 
residue  remains,  it  is  examined  according  to  169. 

y.  In  the  case  of  2. 

This  solution,  which  may  contain  organic  compounds,  and 
in  which  all  the  bases  and  salts  treated  of  in  §  194,  as  also 
all  the  alkaline  earthy  metals,  may  be  present,  is  first  of  all 
evaporated  to  dryness  in  a  porcelain  basin,  the  residue 
moistened  with  concentrated  sulphuric  acid,  and  heated  in 
a  draft  cupboard  or  in  the  open  air  until  the  greater  part  of 
the  acid  is  driven  off";  cold  water  is  then  added,  the  solution 
filtered,  and  chloride  of  barium  added  to  the  hot  filtrate  as 
long  as  a  precipitate  is  formed,  baryta  water  or  milk  of  hme 
is  then  added,  and  the  analysis  conducted  as  in  S  (case 
1,  6). 

The  fixed  residue  free  from  ammonia  salts,  obtained  ac-  169 
cording  to  a,  ^3,  or  y,  cannot  be   examined  dh-ectly  for 
potassa  and  soda,  for,  as  a  rule,  it  still  contains  small  por- 
tions of  the  alkaline  earths.    It  is  therefore  dissolved  in  a 
little  water,  ammonia  and  cai-bonate  of  ammonia  added,  and 
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the  whole  gently  warmed  for  some  time.  If  a  precipitate 
is  formed,  it  is  filtered  off  and  the  clear  filtrate  again  evapo- 
rated to  dryness,  and  ignited  very  gently  in  order  to  drive 
ofT  the  small  amount  of  ammonia  salts  present.  If  after 
this  a  residue  remains,  either  potassa  or  soda  is  present. 
The  residue  is  dissolved  in  a  small  quantity  of  water,  with 
which  it  should  form  a  clear  solution,*  half  is  transferred 
to  a  watch-glass,  whilst  the  other  half  is  retained  in  the 
porcelain  dish. 

aa.  To  the  one-half  in  the  porcelain  dish,  a  few  drops  170 
of  chloride  of  2Jlcitinum  are  added.  If  a  yellow  crystalline 
precipitate  is  formed  immediately,  or  after  some  time, 
potassa  is  present.  Should  no  precipitate  form,  the 
mixture  is  evaporated  to  dryness  at  a  gentle  heat,  and 
the  residue  treated  with  a  very  small  quantity  of  water, 
or,  if  chlorides  alone  are  present,  with  a  mixture  of 
water  and  alcohol ;  the  presence  of  the  most  minute 
traces  of  potassa  will  be  shown  by  a  small  quantity  of  a 
heavy  yellow  powder  being  left  undissolved  (§  89,  S).  In 
the  presence  of  an  iodide,  the  deep  brown  colour  of  the 
liquid  interferes  with  the  detection  of  potassa  by  chloride 
of  platinum  (§  92) ;  under  these  circumstances,  it  is  better 
to  test  for  potassa  with  acid  tartrate  of  soda. 

bb.  Some  antimonate  of  2)otassa  is  added  to  the  other  171 
half  of  the  liquid  (in  the  watch-glass)  after  its  action  on 
test-paper  has  been  tried,  and  any  free  acid  present  neu- 
tralized with  carbonate  of  potassa.  If  a  crystalline  pre- 
cipitate is  produced  at  once,  or  after  some  time,  soda  is 
present.  If,  after  standing  twelve  hours,  no  crystals 
have  separated,  it  may  safely  be  concluded  that  soda  is 
absent.  With  regard  to  the  crystalline  form  of  the  pre- 
cipitate, and  the  precautions  to  be  taken,  see  §  90,  2. 

§  198. 

Examination  for  Ammonia. 

There  now  remains  the  examination  for  ammonia.  172. 
Some  of  the  substance  or  solution  is  ground  up  with  an  excess  of 
hydrate  of  lime,  and,  if  necessary,  a  little  water.  If  the  escaping 
gas  smells  of  ammonia,  if  it  blues  moist  red  litmus-paper,  and 
forms  white  fumes  when  a  glass  rod  moistened  with  hydrochloric 
acid  is  brought  in  contact  with  the  gas,  ammonia  is  present. 
The  reaction  is  most  sensitive  when  the  trituration  is  performed 
in  a  small  beaker,  and  the  latter  covered  with  a  glass  plate  with 
a  slip  of  moistened  turmeric-  or  red  litmus-paper  adhering  to  the 
under-side. 

*  If  the  solution  thus  obtained  is  not  clear,  the  purification  of  the  residue  from, 
the  alkaline  earths,  as  described  above,  must  be  again  repeated. 
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COMPLEX  COMPOUNDS. 
A,  1.  Substances  soluble  in  Watee. 
Detection  of  the  Acids.* 
I,  In  the  Absence  of  Organic  Acids. 
§  199. 

In  the  first  place,  it  is  necessary  to  consider  which  acids  form  173 
salts  soluble  m  water  when  in  combination  with  the  bases  found  : 
this  will  serve  as  a  guide  in  the  examination ;  students  will  find 
the  table  given  m  Appendix  IV.  of  considerable  assistance.  The 
loUowmg  plan  of  examination  works  best  when  the  acids  are  com- 
bined exclusively  with  alkalies ;  it  is  therefore  advisable  before 
testing  for  the  acids  to  precipitate  the  metals  present  by  heatin<^ 
the  solution  with  carbonate  of  soda,  filter,  and  examine  the  filtrate"! 

1.  The  acids  of  arsenic,  carbonic  acid,  sulphur  com- 
bined with  metals  or  hydrogen,  chromic  acid,  hydroferro- 
cyanic  acid,  and  silicic  acid  will  usually  have  been  detected 
m  the  examination  for  bases  (see  20,  67,  and  68).  Chromic  acid 
is  also  usually  recognized  by  the  yellow  or  reddish-yellow  colour  of 
the  solution.  If  there  is  any  doubt,  the  solution  is  tested  with 
acetate  of  lead  and  acetic  acid  (§  138,  8)  or— for  very  minute 
quantities — with  decoction  of  logwood  (§  138,  12). 

_  2.  If  the  solution  is  not  neutral,  a  considerable  portion  of  it  174 
IS  exacthj  neiotralizecl  with  nitric  acid  or  ammonia,  as  the  case  may 
be.  _  If  a  precipitate— consisting  of  siHcic  acid,  hydrate  of  mag- 
nesia, &c.— is  produced,  it  is  removed  by  filtration,  whilst,  if  car- 
bonic acid  is  evolved  on  neutralizing,  the  solution  is  boiled  until 
it  is  entirely  expelled.  The  clear  neutralized  solution  is  divided 
into  four  parts  and  examined  as  described  in  3,  4,  7,  and  8. 

3.  To  a  portion  of  the  neutral  solution  (2),  chloride  of  barium  175 
is  added,  or,  if  lead,  silver,  or  mercurous  oxide  is  present,  nitrate 

of  baryta. 

a.  There  is  no  precipitate:  absence  of  sulphuric 
acid,  phosphoric  acid,  chromic  acid,  silicic  acid,  oxalic  acid, 
arsenious  and  arsenic  acids ;  also  boric  acid  and  hydrofluoric 
acid  in  any  considerable  quantity,  f    Pass  on  to  176. 

h.  A  precipitate  is  formed.  The  solution  is  diluted, 
and  hydrochloric  acid  or  nitric  acid  added,  as  the  case  may  be ; 
if  the  precipitate  does  not  dissolve,  or  only  incompletely,  sul- 
phuric acid  is  present. 

4.  Nitrate  of  silver  is  added  to  another  portion  of  the  clear  176 
neutral  solution  (see  2). 

*  Consult  also  the  explanations  iu  the  Third  Section. 

t  If  the  solution  contains  considerable  quantities  of  an  ammoniacal  salt,  the 
experiment  is  not  conclusive,  since  the  baryta  salts  of  most  of  these  acids  (not  the 
sulphate)  are  more  or  less  soluble  in  presence  of  ammouiacal  salts. 


^  199.]         COMPLEX  COMPOUNDS— DETECTION  OF  ACIDS.  31.9 

a.  There  is  no  precipitate.     Pass  on   to  181, 
neither  chlorine,  bromine,  iodine,  cyanogen,*  ferrocyanogen, 
ferricyanogen,  nor  sulphur  is  present ;  nor  phosphoric  acid, 
arsenic  acid,  arsenious  acid,  chromic  acid,  oxalic  acid,  sihcic 
acid ;  nor  boric  acid,  if  the  solution  was  not  too  dilute. 

h.  A  precipitate  is  produced.    Observe  the  colour  f  177 
of  it,  then  add  nitric  acid,  and  shake  the  mixture. 

a.  The  precipitate  dissolves  completely  :  absence  of  chlo- 
rine, bromine,  iodine,  cyanogen,  ferrocyanogen,  and  fern- 
cyanogen,  and  also  of  sulphuretted  hydrogen.  Pass  on  to 
181. 

/3.  A  residue  is  left :  chlorine,  bromine,  iodine,  cyanogen,  178 
ferrocyanogen,  or  ferricyanogen  may  be  present ;  and  if  the 
residue  is  black  or  blackish,  sulphuretted  hydrogen  or 
a  solvxble  metallic  sulphide.  The  presence  of  sulphur 
may,  if  necessary,  be  readily  confirmed  by  adding  a  solution 
of  oxide  of  lead  in  soda  to  another  portion  of  the  solution. 

aa.  A  portion  of  the  original  solution,  or  the  solution 
precipitated  with  carbonate  of  soda,  is  tested,  first  for 
iodine,  and  subsequently  for  bromine,  by  the  methods 
described  in  §  157  (p.  226)]  comp.  also  cc. 

hb.  A  small  portion  of  the  same  solution  as  aa  is  179 
tested  for  ferrocyanogen  with  ferric  chloride;  and,  if 
the  colour  of  the  silver  precipitate  leads  you  to  suspect 
the  presence  of  ferricyanogen,  another  portion  is 
tested  for  the  latter  with  a  solution  of  sulphate  of  iron 
(freshly  prepared,  by  warming  wire  with  dilute  sulphuric 
acid).  If  the  original  solution  has  an  alkaline  reaction, 
some  hydrochloric  acid  must  be  added  before  testing 
with  ferric  chloride  or  ferrous  sulphate,  as  the  case 
may  be. 

cc.  Cyanogen,  if  present  as  a  simple  cyanide  of  an 
alkali  metal  soluble  in  water,  may  usually  be  recog- 
nized by  the  odour  of  hydrocyanic  acid ;  this  becomes 
stronger  on  adding  a  little  dilute  sulphuric  acid.  If 
ferrocyanogen  and  ferricyanogen  are  not  present,  the 
cyanogen  may  be  detected  in  the  solution  mentioned  in 
aa  by  the  method  described  in  §  155,  6.  Por  the  de- 
tection of  cyanogen  when  these  are  present,  comp.  §  157 
and  §  226. 

As  hydrocyanic  acid  interferes  most  seriously  with  the 
detection  of  iodine  and  bromine  by  nitrous  acid,  or 
chlorine  water  and  bisulphide  of  carbon,  negative  results 
obtained  in  aa  cannot  by  any  means  be  taken  as  a  proof 

*  It  has  been  already  mentioned  (73)  that  the  cyanogen  in  cyanide  of  mercury 
is  not  indicated  by  nitrate  of  silver. 

t  Chloride,  bromide,  cyanide,  ferrocyanide,  oxalate,  silicate,  and  borate  of  silver 
are  white ;  iodide,  tribasic  phosphate,  and  arsenite  of  silver  arc  yellow ;  arsenate 
and  ferricyanide  of  silver  are  brownish-red ;  chromate  of  silver  is  deep  purple-red  ; 
sulphide  of  silver  black.  • 
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of  the  absence  of  iodine  and  bromine  if  cyanogen  is  pre- 
sent in  the  solution.  In  that  case,  it  becomes  necessary 
to  destroy  the  cyanogen  before  testing  for  iodine  and 
bromine  as  described  in  §  157. 

dd.  If  bromine,  iodine,  cyanogen,  ferrocyanogen,  fen-i-  180 
cyanogen,  and  sulphur  are  not  present,  the  precipitate 
insoluble  in  nitric  acid  consists  of  chloride  of  silver. 

But  where  one  or  other  of  the  above-mentioned  sub- 
stances is  present,  a  special  examination  for  chlorine  may 
become  necessary,  particularly  when  the  quantity  of  the 
precipitate  is  so  small  that  the  presence  of  chlorine  cannot 
be  inferred  with  certainty.*  In  such  cases  the  method 
described  on  p.  226  is  applicable. 

5.  Chloric  acid  is  known  by  the  yellow  colour  produced  181 
Avhen  a  little  of  the  solid  substance  is  added  to  some  concentrated 
sulphuric  acid  in  a  watch-glass  (§  160,  7). 

6.  Nitric  acid  is  tested  for  in  the  original  solution  with 
ferrous  sulphate  and  sulphuric  acid  (§  159,  6).  The  presence  of 
certain  other  acids,  especially  chloric,  chromic,  hydriodic,  and 
hydrobromic,  interferes  with  or  prevents  this  reaction.  If  any  of 
these  acids  are  present  they  must  be  destroyed  or  removed. 
Chloric  acid  is  destroyed  by  ignition  (§  161,  at  the  end);  chromic 
acid  is  reduced  by  sulphurous  acid,  the  sesquioxide  of  chromium 
being  precipitated  afterwards  with  ammonia ;  hydriodic  acid  and 
hydrobromic  acid  may  be  removed  by  sulphate  of  silver. 

There  still  remain  to  be  tested  for,  phosphoric  acid,  boric 
acid,  silicic  acid,  oxalic  acid,  and  hydrofluoric  acid. 

It  is  not  necessary  to  test  for  the  first  four  acids  unless  both 
chloride  of  barium  and  nitrate  of  silver  have  jDroduced  precijjitates 
in  neutral  solutions.    Compare  also  foot-note  to  175- 

7.  Phosphoric  acid  is  tested  for  by  adding  ammonia  in  182 
excess  to  a  portion  of  the  neutral  solution  (174),  then  chloride  of 
ammonium  and  sulphate  of  magnesia  (§  142,  7).    Very  minute 
quantities  of  phosphoric  acid  are  detected  most  readily  by  means 

of  molybdic  acid  (§  142,  10).  If  arsenic  acid  is  present,  it  must 
be  first  separated  by  sulphuretted  hydrogen,  the  solution  being 
acidified  and  kept  at  70°  during  the  passage  of  the  gas. 

8.  To  detect  oxalic  acid  and  hydrofluoric  acid,  chloride 
of  calcium  is  added  to  a  fresh  portion  of  the  neutral  solution  pre- 
pared as  in  2,  and  then,  if  a  precipitate  is  produced,  acetic  acid. 
If  the  precipitate  is  soluble  in  acetic  acid,  or  if  there  is  no  pre- 
cipitate, neither  oxalic  acid  nor  hydrofluoric  acid  is  present.  In 
the  opposite  case,  however,  it  must  not  be  assumed  that  these 
acids  are  necessarily  present,  but  they  must  be  separately  tested 
for.  A  portion  of  the  original  substance  therefore  is  examined  for 
fluorine  according  to  §  146,  5,  and  another  portion  for  oxalic  acid 
according  to  §  145,  7. 


*  For  instance,  if  a  copious  precipitate  insoluble  in  nitric  acid  has  been  obtained 
with  solution  of  nitrate  of  silver,  and  the  subsecj  uent  examination  shows  mere  traces- 
of  iodine  and  bromine,  chlorine  is  most  certainly  present. 
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9,  Boric  acid  must  be  tested  for  in  the  original  solution  (or  183 
the  solution  precipitated  with  carbonate  of  soda)  slightly  acidified 
with  hydrochloric  acid,  by  means  of  turmeric-paper  (§  144,  6).  As 
chloric,  chromic,  and  hydriodic  acids  interfere  with  or  prevent  this 
reaction,  they  must,  if  present,  be  removed  or  destroyed  before 

the  test  for  boric  acid  is  applied.    Oomp.  §  199,  G. 

10.  If  silicic  acid  has  not  been  found  already  in  the  course 
of  testing  for  the  bases,  a  portion  of  the  solution  is  acidified  with 
hydrochloric  acid,  evaporated  to  dryness,  and  the  residue  treated 
with  hydrochloric  acid  (§  150,  2). 

COMPLEX  COMPOUNDS. 
A,  1.  Substances  Soluble  in  Water. 
Detection  op  the  Acids. 
II.  In  Presence  of  Organic  Acids. 
§  200. 

1.  The   examination   for  the  inorganic   acids,  including  184 
oxalic  acid,  is  made  in  the  manner  described  §  199.    As  the  tar- 
trates and  citrates  of  baryta  and  silver  are  insoluble,  or  at  least 
only  sparingly  soluble  in  water,  tartaric  acid  and  citric  acid  cannot 

be  present  unless  both  chloride  of  barium  and  nitrate  of  silver 
produce  precipitates  in  the  neutral  solution;  still,  in  drawing  a 
conclusion,  it  must  be  borne  in  mind  that  these  salts  are  slightly 
soluble  in  solutions  containing  salts  of  ammonia. 

In  testing  for  organic  acids,  a  neutral  solution  free  from  carbonic 
acid  is  employed,  which  has  been  freed  from  the  bases  of  Groups 
II.,  III.,  lY.,  Y.,  and  YI.  by  the  method  described  in  173  and 
174-  If  these  bases  are  not  completely  precipitated  by  carbonate 
of  soda,  as  is  often  the  case  when  non-volatile  organic  acids  are 
present,  their  separation  must  be  efiected  by  the  method  given  in 
§  184.  If  the  original  sohUion  is  to  be  employed  instead  of  that 
prepared  in  this  way,  a  special  note  to  that  efi'ect  will  be  inserted. 

2.  A  portion  of  the  solution,  sufficiently  concentrated,  is  made  185 
feebly  alkaline  with  ammonia,  some  chloride  of  ammonium  added, 
then  a  sufficient  quantity  of  chloride  of  calcium,  the  mixture 
shaken  vigorously,  and  allowed  to  remain  for  a  couple  of  hours. 

a.  'No  precipitate  is  formed,  either  immediately 
or  after  the  lapse  of  some  time:  absence  of  tartaric 
acid  ;  pass  on  to  186. 

b.  A  precipitate  is  formed,  immediately,  or  after 
some  time.  The  solution  is  filtered,  the  filtrate  kept  for 
further  examination  according  to  186,  i^ud  the  precipitate 
washed.  As  the  latter  may  contain  phosphate  or  oxalate  of 
lime  as  well  as  tartrate  of  lime,  it  is  necessary  to  digest  it,  and 
shake  it  with  solution  of  soda,  without  applying  heat,  dilute 
with  a  little  water,  filter,  and  boil  the  filtrate  some  time.  If 
a  precipitate  separates,  tartaric  acid  is  present.  Filter 

QUAL.  Y 
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hot,  and  test  the  precipitate  with  ammonia  and  nitrate  of 
silver  as  in  §  163,  8), 

3.  The  solution  in  which  chloride  of  calcium  has  produced  no  186 
precipitate,  or  that  which  has  been  filtered  from  the  precipitate 
formed  (in  which  latter  case  some  more  chloride  of  calcium  is  to  be 
added),  is  mixed  with  thrice  its  volume  of  spirit,  and  allowed  to 
stand  for  some  hours  at  as  low  a  temperature  as  possible. 

a.  Ko  precipitate  is  formed:  absence  of  citric,  malic,  187 
and  succinic  acids.    Pass  on  to  190- 

h.  A  precipitate  is  formed.    This  is  collected  and  the  188 
filtrate  treated  as  directed  in  190.    The  precipitate  after  being 
washed  with  alcohol  is  treated  as  follows  : — 

It  is  dissolved  on  the  filter  in  a  little  dilute  hydrochloric 
acid,  ammonia  added  to  the  filtrate  to  alkaline  reaction,  and 
the  mixture  boiled  for  some  time. 

a.  It  remains  clear  :  absence  of  citric  acid.  More  alcohol 
is  added  to  the  solution,  which  must  still  be  alkaline,  the 
mixture  put  aside  for  some  hours  at  a  low  temperature,  the 
precipitate,  which  may  contain  malate  and  succinate  of  lime, 
is  collected  on  a  filter,  washed  with  a  little  alcohol,  dried 
until  all  the  alcohol  is  removed,*  removed  from  the  filter, 
dissolved  in  a  porcelain  dish  in  about  2  c.c.  of  strong  nitric 
acid  (sp.  gr.  1'35),  and  evaporated  to  dryness  on  the  water- 
bath;  2  c.c.  more  of  nitric  acid  are  added  to  the  residue, 
the  mixture  again  evaporated  to  dryness,  and  the  same 
treatment  repeated  a  third  time.  Some  succinic  acid  will 
remain  unchanged,  whilst  the  malic  acid  if  present  is  con- 
verted into  oxalic  acid  with  evolution  of  carbonic  acid.  The 
residue  is  boiled  with  a  shght  excess  of  carbonate  of  soda 
solution,  filtered,  a  portion  acidified  with  acetic  acid,  and  a 
few  drops  of  chloride  of  calcium  added.  If  a  white  pre- 
cipitate of  oxalate  of  lime  is  formed,  malic  acid  is  indi- 
cated. To  test  for  succinic  acid  the  remainder  of  the  alka- 
line solution  is  nearly  neutralized  with  hydrochloric  acid, 
the  feebly  alkaline  solution  mixed  with  excess  of  chloride 
of  calcium,  filtered,  and  alcohol  added  to  the  filtrate ;  a  pre- 
cipitate indicates  that  succinic  acid  may  be  present.  To 
confirm  this,  the  precipitate  is  washed  with  sjDirit,  suspended 
in  a  little  water,  and  dilute  sulphuric  acid  is  added ;  the  mix- 
ture is  then  shaken  repeatedly  with  ether,  the  ethereal  solu- 
tion separated,  and  the  ether  distilled  oflT,  when  the  succinic 
acid  will  be  obtained  as  hydrate  {§  171 ,  p.  246).  If  malic  acid 
has  not  been  found,  the  remainder  of  the  alkaline  solution  is 
exactly  neutralized  with  hydrochloric  acid,  and  tested  for 
succinic  acid  with  ferric  chloride  (§  168,  5).t 

/3.  A  heavy  wJdte  jjrecijntate  is  formed :    presence  of  189 
citric  acid.    The  solution  is  filtered  boiling,  and  the 

*  Oxalic  aoid  would  be  produced  by  the  action  of  the  nitric  acid  on  the  alcohol 
if  the  latter  were  not  entirely  driven  off. 

t  For  other  methods  of  separating  malic  acid  from  succinic  acid,  see  Barfoed 
(Zeit.  anal.  Chem,,  7,  409). 
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filtrate  tested  for  malic  and  succinic  acids  as  in  n.  In  order 
to  be  certain  that  the  precipitate  is  citrate  of  lime,  it  is  re- 
dissolved  in  hydrochloric  acid,  heated,  supersaturated  again 
with  ammonia,  and  boiled;  the  precipitate  will  now  be 
thrown  down  again.    (Compare  §  164,  3.) 

4.  The  filtrate  of  188,  or  the  solution  which  yielded  no  pre-  190 
cipitate  on  addition  of  alcohol  (187),  is  heated  to  expel  the  alcohol, 
neutralized  exactly  with  hydrochloric  acid,  and  ferric  chloride  added. 

If  there  is  a  violet  coloration,  this  indicates  salicylic  acid;  if 
a  precipitate  is  produced,  benzoic  acid  is  present.  To  confirm  this 
the  precipitate  is  collected,  washed,  and  heated  and  digested  with 
ammonia  in  excess ;  it  is  then  filtered,  the  filtrate  evaporated  nearly 
to  dryness,  and  tested  for  benzoic  acid  with  hydrochloric  acid 
(§  169,  2).  If  salicylic  acid  is  absent,  benzoic  acid  may  generally 
be  readily  detected  in  the  original  substance,  by  treating  a  small 
portion  of  it  with  dilute  hydrochloric  acid;  this  will  leave  the 
benzoic  acid  undissolved,  and  it  may  be  collected  and  heated  on 
platinum  foil  (§  169,  1). 

5.  A  portion  of  the  original  solution  is  evaporated  to  dryness —  191 
if  acid,  after  previous  saturation  with  soda — the  residue  or  a  portion 

of  the  original  dry  substance  is  introduced  into  a  test-tube,  some 
alcohol  poured  over  it,  about  an  equal  volume  of  concentrated  sul- 
phuric acid  added,  and  the  mixture  heated  to  boiling.  If  there  is 
an  odour  of  acetic  ether,  this  indicates  the  presence  of  acetic 
acid.*  This  odour  is  more  distinctly  perceptible  on  shaking  the 
cooling  or  cold  mixture. 

6.  Formic  acid  is  tested  for  by  just  acidifying  a  portion  of  192 
the  prepared  solution  (184)  with  hydrochloric  acid,  adding  mercuric 
chloride,  and  heating.    A  white  turbidity  from  the  separation  of 
mercurous  chloride  indicates  formic  acid  (§  173,  6).    This  is  con- 
firmed by  nitrate  of  silver  and  by  nitrate  of  mercurous  oxide 

(§  173,  4  and  5).* 

COMPLEX  COMPOUNDS. 

A,  2.  Substances  Insoluble  in  Water,  but  Soluble  in 
Hydrochloric  Acid,  Nitric  Acid,  or  N"itro-hydro- 
CHLORic  Acid. 

Detection  of  the  Acids. 
I.  In  Absence  of  Organic  Acids. 
§  201. 

In  the  examination  of  these  compounds  attention  must  be 
directed  to  all  acids,  with  the  exception  of  chloric  acid.  Cyanogen 

*  In  the  presence  of  chromic  or  chloric  acid,  acetic  acid  or  formic  acid  cannot  be 
detected  by  the  methods  given.  If  chromic  acid  is  present,  the  original  solution 
should  be  mixed  with  sulphuric  acid,  excess  of  oxide  of  lead  added,  the  mixture 
shaken  and  filtered ;  the  filtrate  is  then  mixed  with  excess  of  dihite  sulphuric  acid  and 
distilled.  The  distillate  is  saturated  with  soda,  evaporated  almost  to  dryness,  and  the 
residue  tested  according  to  191  and  192.  If  organic  acids  of  the  first  and  second 
groups  are  present  in  large  quantities,  it  is  advisable  to  add  sulphuric  acid  to  the 
solution,  and  distil.    If  chloric  acid  is  present,  it  is  reduced  as  described  in  §  160  9 

Y  2 
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compounds  and  silicates  are  not  examined  by  bhis  method.  (Com- 
pare §  204  and  §  205.) 

1.  Carbonic  acid,  sulphur  (in  the  form  of  metallic  sul-  193 
phides),  arsenious  acid,  arsenic  acid,  and  chromic  acid,  if 
present,  have  been  found  already  in  the  examination  for  bases ; 
nitric  acid,  if  present,  has  been  detected  in  the  preliminary 
examination,  by  the  ignition  in  a  glass  tube  (8). 

2.  A  portion  of  the  substance  is  mixed  with  4  parts  of  pure  194 
carbonate  of  soda  and  potassa,  and,  if  a  metalUc  sulphide  is  pre- 
sent, some  nitrate  of  soda  must  be  added;  the  mixture  is  then 
fused  in  a  platinum  crucible  if  there  are  no  reducible  metallic 
oxides  present,  in  a  porcelain  crucible  if  such  oxides  are  present ; 

the  fused  mass  is  boiled  with  water,  filtered,  and  the  filtrate 
examined  for  the  acids  according  to  §  199.* 

3.  As  the  phosphates  of  the  alkahne  earths  are  not  completely  195 
decomposed  by  fusion  with  carbonate  of  soda  and  potassa,  it  is 
always  advisable  in  cases  where  alkaline  earths  are  present,  and 
phosphoric  acid  has  not  yet  been  detected  (comp.  160),  to  dissolve 

a  fresh  sample  of  the  substance  in  nitric  acid,  and  test  for  phos- 
phoric acid  with  solution  of  molybdic  acid  (§  142,  10).  If 
silicic  or  arsenic  acid  is  present,  a  solution  in  hydrochloric  acid  is 
prepared,  and  these  acids  separated ;  nitric  acid  is  then  added,  the 
mixture  evaporated  nearly  to  dryness,  diluted  with  water  contain- 
ing nitric  acid,  and  tested  with  molybdate  of  ammonia. 

4.  If  in  the  examination  for  bases,  alkaline  earths  have  been 
found,  and  fluorine  has  not  already  been  detected  (comp.  160), 
it  is  also  advisable  to  test  a  separate  portion  for  fluorine,  bv 
§146,5. 

5.  That  portion  of  the  substance  which  has  been  treated  as  196 
directed  in  194  can  be  tested  for  silicic  acid  only  in  cases  where 
the  fusion  has  been  effected  in  a  platinum  crucible ;  if  a  porcelain 
crucible  has  been  used,  a  separate  portion  is  examined  by  evapora- 
ting the  hydrochloric  or  nitric  acid  solution  (§  150,  3). 

6.  A  separate  portion  of  the  substance  must  be  examined  for 
oxalic  acid  by  boiling  with  carbonate  of  soda;  see  198-  The 
alkaline  filtrate  is  acidified  with  acetic  acid,  and  tested  with  solution 
of  sulphate  of  lime  ;  if  a  white  pulverulent  precipitate  is  formed, 
this  indicates  oxalic  acid.  As  a  confirmatory  test,  a  fresh  portion 
of  the  substance  is  examined  according  to  §  145,  7,  first  removing 
the  carbonic  acid,  if  necessary  by  dilute  sulphuric  acid. 


*  In  the  presence  of  a  metallic  sulphide,  a  separate  portion  of  the  substance 
must  be  examined  for  sulphuric  acid,  by  heating  it  with  hydrochloric  acid,  filtering, 
diluting  the  filtrate,  and  adding  chloride  of  barium. 
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COMPLEX  COMPOUNDS. 

A  2  Substances  Insoluble  in  Water,  but  Soluble  in 
Hydrochloric  Acid,  Nitric  Acid,  or  Nitro-hydro- 
chloric  Acid. 

Detection  of  the  Acids. 
II.  In  Presence  of  Organic  Acids. 
§  202. 

1.  The  examination  for  inorganic  acids  is  made  according  197 
to  §  201. 

2.  Acetic  acid  is  tested  for  in  a  portion  of  the  original  sub- 
stance or  in  the  distiUate  obtained  with  sulphuric  acid,  as  described 
in  §  172,  7.    Compare  the  foot-note  on  p.  323. 

3.  A  little  dilute  hydrochloric  acid  is  added  to  a  small  portion 
of  the  substance  in  a  watch-glass.  If  it  does  not  dissolve  entirely, 
the  residue  should  be  tested  for  benzoic  acid  and  salicylic 
acid  accorduag  to  §  171.  Any  considerable  quantity  of  these 
acids  is  most  readily  detected  in  this  way,  but,  as  very  small  quan- 
tities may  dissolve  completely,  it  is  necessary  to  examine  the  sub- 
stance as  described  in  the  next  paragraph  (198)- 

4.  A  portion  of  the  substance  is  boiled  for  a  few  minutes  with  198 
a  large  excess  of  solution  of  carbonate  of  soda,  adding  some  of  the 
solid  if  the  sokition  is  not  strong,  and  the  precipitate  is  separated  by 
filtration.  All  the  organic  acids  will  be  in  the  filtrate  as  soda  salts. 
The  filtrate  is  concentrated  by  evaporation,  acidified  with  hydro- 
chloric acid,  heated  to  drive  ofi"  carbonic  acid,  and  treated  according 

to  185.  If  any  of  the  heavy  metals  or  alumina  have  passed  into 
solution  through  the  agency  of  organic  acids,  these  must  first  be 
removed  by  the  method  given  in  §  184  before  the  organic  acids 
are  tested  for. 

COMPLEX  COMPOUNDS. 

B.  Substances  Insoluble  or  Sparingly  Soluble  in 
Water,  Hydrochloric  Acid,  Nitric  Acid,  and  Nitro- 

HYDROCHLORIC  AciD. 

Detection  of  the  Bases,  Acids,  and  Non-metallic  Elements. 

§  203.* 

The  following  substances  belong  to  this  class : —  199 
Sulphate  of  baryta,  sulphate  of  strontia,  and  sul- 
pliate  of  lime.f 

Sulphate  of  leadj  and  chloride  of  lead.|| 

*  Compare  the  notes  in  tlie  Third  Section,  on  the  cyanogen  compounds  insoluble 
in  acids,  §  204. 

+  Sulphate  of  lime  passes  partially  into  the  aqueous  solution,  and  often  com- 
pletely into  that  effected  by  acids. 

X  Sulphate  of  lead  may  pass  completely  into  the  solution  efifected  by  acids. 

II  Chloride  of  lead  will  only  be  found  here  if  the  precipitate  insoluble  in  acids 
has  not  been  thoroughly  washed  with  hot  water. 
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Chloi'ide  of  silver,  bromide  of  silver,  iodide  of  silver,  and 
cyanide  of  silver.* 

Silicic  acid  and  many  silicates. 

Native  and  ignited  alumina,  and  many  aluminates. 

Ignited  sesquioxide  of  chromium  and  chrome-iron  ore  (a 
compound  of  sesquioxide  of  chromium  and  ferrous  oxide). 

Ignited  and  native  bioxide  of  tin  (tin-stone). 

Some  metaphosphates  and  some  arsenates. 

Fluoride  of  calcium  and  a  few  other  compounds  of  fluorine. 

Sulphur. 

Carbonaceous  matter. 

Of  these  compounds  those  spaced  (like  sulphate  of  baryta) 
are  more  frequently  met  with.  As  the  silicates  are  so  very 
important  in  mineral  analysis,  they  have  been  specially  treated  in 
§§  205-209. 

The  substance  insoluble  in  water  or  acids  is,  in  the  first  place, 
submitted  to  the  preliminary  examination  described  in  a-e,  unless 
the  quantity  at  disposal  is  too  small,  in  which  case  pass  on  to  205, 
bearing  in  mind,  however,  that  the  substance  may  contain  aU  the 
aforesaid  substances. 

a.  The  physical  condition  of  the  residue  is  attentively  examined  200 
to  ascertain  whether  it  is  homogeneous  or  not,  whether  it  is  sandy 
or  pulverulent,  whether  it  has  the  same  colour  throughout  or  is 
made  up  of  variously  coloured  particles,  &c.   A  microscope,  or  even 
a  lens,  will  be  found  very  useful  for  this  purpose. 

h.  A  small  portion  is  heated  in  a  glass  tube  sealed  at  one  end ;  201 
if  brown  fumes  arise,  and  sulphur  sublimes,  this  element  is 
present. 

c.  If  the  substance  is  black,  this  indicates,  in  most  cases,  the  202 
presence  of  carbonaceous  matter  (charcoal,  coal,  bone-black, 
lamp-black,  graphite,  &c.).  A  small  portion  is  heated  on  platinum- 
foil  over  the  blowpipe  flame ;  if  the  black  substance  is  consumed,  it 
consisted  of  carbon  in  some  shape  or  other.  Graphite  (which 
may  be  readily  recognized  by  its  property  of  communicating  its 
colour  to  the  fingers,  to  paper,  &c.)  is  not  completely  consumed 
unless  it  is  heated  to  bright  redness  in  oxygen. 

d.  A  small  portion  is  heated  for  some  time  with  a  small  lump  203 
of  cyanide  of  potassium  and  some  water,  and  filtered ;  one  half  the 
filtrate  is  acidified  with  nitric  acid,  the  other  half  tested  with 
sulphide  of  ammonium.  If  the  former  gives  a  white  precipitate 
and  the  latter  (provided  always  that  the  quantity  of  cyanide  of 
potassium  is  not  too  large)  a  brownish-black  precipitate,  this  indi- 
cates silver. 

e.  If  a  residue  has  been  left  undissolved  in  d,  it  is  washed  204 
thoroughly  with  water,  and,  if  white,  moistened  with  sulphide  of 
ammonium;  if  it  turns  black,  salts  of  lead  are  present.    If,  how- 
ever, the  residue  left  in  d  is  black,  it  is  heated  with  a  concentrated 

*  Bromide,  iodide,  and  cyanide  of  silver  are  decomiDosed  by  boiling  with  nitro- 
hydrochloric  acid,  and  converted  into  cliloride  of  silver;  they  can  accordingly  be 
found  here  only  in  cases  where  the  operator  has  to  deal  with  a  substance  which — 
as  nitro-hydrochloric  acid  has  failed  to  effect  its  solution — is  examined  directly  by 
the  method  described  in  §  203. 
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sliirhtly  acid  solution  of  acetate  of  ammonia*  filtered,  and  the 
filtrate  tested  for  lead,  by  means  of  sulphuric  acid  and  sulphuretted 
hydrogen,  t 

The  results  obtained  by  these  preliminary  experiments  serve  as 
a  guide  in  the  following  course. 

1,  a.  Salts  of  lead  are  not  present.    Pass  onto  206.  205 
b  Salts  of  lead  are  present.    Heat  the  substance  re- 
peatedly with  a  concentrated  slightly  acid  solution  of  acetate 

of  ammonia*  until  the  salt  of  lead  is  completely  dissolved 
out,  A  portion  of  the  filtrate  is  tested  for  sulphuric  acid 
with  chloride  of  barium,  another  portion  for  lead  by  adding 
sulphuric  acid  in  excess,  and  by  sulphuretted  hydrogen,  whilst 
the  remainder  is  diluted  with  about  20  parts  of  water  acidified 
with  nitric  acid  and  tested  for  chlorine  by  nitrate  of  silver. 
If  the  acetate  of  ammonia  has  left  a  residue,  this  is  washed, 
and  treated  as  directed  in  206- 

2,  a.  Silver  salts  are  not  present.  Pass  on  to  207-  206 
b.  Silver  salts  are  present.  The  substance,  which  is 
free  from  lead,  or  from  which  the  lead  has  been  extracted  by 
treatment  with  acetate  of  ammonia,  is  digested  repeatedly 
with  cyanide  of  potassium  and  water,  at  a  gentle  heat  (m  the 
cold  if  sulphur  is  present),  until  all  the  salt  of  silver  is  dis- 
solved and  removed.  If  a  residue  is  left,  this  is  washed  and 
treated  according  to  207-  A  small  portion  of  the  filtrate  is 
tested  for  sulphuric  acid.J  The  remainder,  after  it  has 
been  sufficiently  diluted,  is  acidified  with  nitric  acid  either  m 
the  open  air  or  in  a  good  draught.  The  precipitate,  after 
being  collected,  washed,  and  fused  with  carbonate  of  soda  on 
charcoal,  will  yield  metalhc  silver  (§  115,  8).  To  ascertain 
whether  the  silver  was  originally  in  combination  with  a 
halogen,  and  with  which  halogen  it  was  united,  it  must  be 
tested  according  to  214- 

3,  a.  Sulphur  is  not  present.    Pass  on  to  208-  207 
b.  Sulphur  is  present.    The  substance  free  from  silver 
and  lead  is  heated  in  a  covered  porcelain  crucible  until  all  the 
sulphur  is  expelled,  and  if  a  residue  is  left,  this  is  treated 
according  to  208. 

4,  A  considerable  portion  of  the  substance  free  from  silver,  208 
lead,  and  sulphur  is  mixed  with  2  parts  of  carbonate  of  soda,  2 
parts  of  carbonate  of  potassa,  and  1  part  of  nitrate  of  potassa,|| 

*  To  prepare  this,  acetic  acid  is  added  to  strong  ammonia  solution  until  it  has 

a  slightly  acid  reaction.  j  i.   a.  j  t,    . ,  • 

t  The  presence  of  lead  in  silicates,  such  as  in  glass,  cannot  be  detected  by  this 

method.  ■,     c     ,  ■ 

t  As  the  carbonate  of  potassa  contained  in  the  cyanide  of  potassium  may  have 
produced  a  total  or  partial  decomposition  of  sulphates  of  the  alkaline  earths. 

II  Addition  of  nitrate  of  potassa  is  useful  even  in  the  case  of  white  powders, 
as  it  counteracts  the  injurious  action  of  silicate  of  lead,  should  any  be  present,  on 
the  platinum  crucible.  In  the  case  of  black  powders,  the  proportion  of  nitrate  of 
potassa  must  be  correspondingly  increased,  in  order  that  the  carbon,  if  i^resent, 
may  be  consumed  as  completely  as  possible,  and  that  any  chrome-iron  ore  present 
may  be  more  thoroughly  decomposed. 
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heated  in  a  platinum  crucible  until  the  mass  is  in  a  state  of  calm 
tusion  the  red-hot  crucible  placed  on  a  thick,  cold  iron  plate,  and 
allowed  to  cool.  By  this  means,  the  fused  mass  may  generally  be 
removed  entu-e  from  the  crucible  in  a  cake.  If  this  does  not 
Happen,  it  is  heated  again  until  the  edge  of  the  cake  in  the  crucible 
begins  to  melt.  When  quite  cold,  sufficient  water  is  poured  into 
tne  crucible  to  well  cover  the  cake,  and  it  is  heated  carefully  :  the 
cake  then  becomes  loosened  (if  the  crucible  has  no  bruises) 
(btockmann).  The  melted  mass,  together  with  the  crucible,  is 
placed  m  a  beaker,  the  cake  soaked  in  water,  boiled,  filtered,  and 
the  residue  washed  until  chloride  of  barium  no  longer  produces  a 
precipitate  m  the  .vashings.  (Only  the  first  washings  should  be 
added  to  the  filtrate.)  ^ 

a.  The  solution  thus  obtained  contains  the  acids  which  were  209 
present  m  the  substance  decomposed  by  fusing.    But  it  may 
besides  these  acids,  contain  also  such  bases  as  are  soluble  in 
caustic  alkalies.    It  is  treated  as  follows  :— 

a.  A  small  portion  is  acidified  with  hydrochloric  acid  and 
tested  for  sulphuric  acid  by  chloride  of  barium. 

_  /3.  Another  portion  (after  being  acidified  with  nitric  acid) 
is  tested  with  molybdic  acid  for  phosphoric  acid  and 
arsenic  acid  (§  142,  10,  and  §  133,  9).  If  a  yellow  pre- 
cipitate IS  formed,  arsenic  acid  must  be  tested  for  in  another 
portion  of  the  solution,  and,  if  present,  removed  by  acidifying 
it  with  sulphuric  acid,  concentrating  on  the  water-bath  to  a 
small  bulk,  and  precipitating  with  sulphuretted  hydrogen. 
The  filtrate  must  then  be  tested  again  for  phosphoric  acid. 

y.  Another  portion  is  tested  for  fluorine  (§  146,  7). 

8.  If  the  solution  is  yellow,  chromic  acid  is  present. 
As  a,  confirmatory  test  acidify  a  portion  of  the  solution  with 
acetic  acid,  and  add  acetate  of  lead. 

6.  The  remainder  is  acidified  with  hydrochloric  acid,  21(> 
evaporated  to  dryness,  and  the  residue  treated  with  hydro- 
chloric acid  and  water.  If  there  is  a  residue  which  will 
not  dissolve  even  in  boihng  water,  it  consists  of  silicic 
acid.  The  hydrochloric  acid  solution  is  now  tested  in  the 
usual  way  for  those  bases  which,  being  soluble  in  caustic 
alkahes,  may  be  present,  and  especially  for  alumina. 

b.  The  residue  left  in  208  is  dissolved  in  hydrochloric  aeid  211 
(effervescence  indicates  the  presence  of  alkaline  earths— a 
residue  insoluble  in  hydrochloric  acid  would  have  to  be  ex- 
amined according  to  213),  and  the  solution  tested  for  the 
bases  as  directed  in  §  190.  If  much  siHcic  acid  has  been 
found  in  210,  it  is  advisable  to  evaporate  the  solution  of 

the  residue  to  dryness,  and  treat  it  with  hydrochloric  acid 
and  water,  in  order  tliat  the  siHcic  acid  remaining  may  also 
be  removed  as  completely  as  possible.  With  regard  to  the 
alkalies  present,  in  silicates  see  212- 

5.  If  it  was  found  in  4  that  the  residue  insoluble  in  acids  212 


^  203.]  COMPLEX  INSOLUBLE  COMPOUNDS.  329 

contained  ca  silicate,  a  separate  portion  of  it  is  treated  according 
to  228,  to  ascertain  whether  this  siHcate  contains  alkalies. 

6.  If  anything  is  still  left  undissolved  on  treating  the  residue  213 
left  in  208  with  hydrochloric  acid  (211),  it  may  consist  either  of 
silicic  acid  which  has  separated,  or  of  a  portion  of  the  sulphate  of 
baryta  which  has  not  been  decomposed,  or  possibly  of  stannic 
oxide ;  it  may  also  be  fluoride  of  calcium,  and,  if  it  is  dark  coloured, 
chrome-iron  ore,  as  the  two  compounds  last  named  are  only  de- 
composed with  difficulty  by  the  method  given  in  208.    It  should 

be  noted  that  stannic  oxide  may  be  detected  in  the  manner  de- 
scribed in  §  130,  11,  and  that  fluoride  of  calcium  may  be  easily 
decomposed  by  sulphuric  acid  (§  146,  5).  The  disintegration  of 
chrome-ii'on  ore,  however,  may  be  readily  effected  by  igniting 
1  part  of  the  ore  with  about  8  parts  by  weight  of  a  mixture  of 
1  part  of  chlorate  of  potassa  and  3  parts  of  soda  Hme  at  a 
bright  red  heat  for  an  hour  and  a  half  in  a  covered  platinum 
crucible.  The  melt  then  contains  all  the  chromium  as  an  alka- 
Hne  chromate,  which  may  be  extracted  by  means  of  water.  If 
the  chrome-ii-on  ore  contains  tin  oxide,  it  is  partly  converted 
into  an  alkaline  stannate,  which  is  extracted  by  the  water,  and 
partly  remains  in  the  residue  insoluble  in  water,  from  which  it 
may  be  extracted  by  hydrochloric  acid  as  stannic  chloride. 

7.  If  the  residue  insoluble  in  acids  contains  silver,  it  must  214 
be  determined  whether  it  was  present  in  the  original  substance 

as  a  compound  insoluble  in  acids,  or  whether  the  subsequent 
treatment  of  the  substance  with  solvents  has  converted  it  into 
chloride,  bromide,  iodide,  or  cyanide  of  silver.  This  has  to  be 
determined,  but  under  certain  circumstances  it  can  hardly  be 
done  by  a  simple  quahtative  examination ;  this  can  be  easily 
understood.  If,  for  instance,  a  mixture  of  iodide  of  potassium 
and  chloride  of  silver  is  treated  with  water,  iodide  of  silver  and 
chloride  of  potassium  will  be  obtained.  Again,  a  mixture  of 
mercuric  iodide  with  nitrate  of  silver  when  treated  with  water 
will  yield  mercuric  nitrate  and  iodide  of  silver,  and  so  forth. 

In  order  to  find  this  out  as  far  as  possible,  a  portion  of  the 
original  substance  is  exhausted  with  boiling  water,  and  then  with 
dilute  nitric  acid ;  the  residue  is  washed  with  water,  and  a  small 
portion  of  it  tested  for  silver  according  to  203-  If  silver  is 
present,  proceed  to  ascertain  the  salt-radicle  with  which  the  metal 
is  combined ;  this  is  effected  by  treating  the  remainder  of  the 
residue  with  finely  granulated  zinc  and  water,  adding  some  di- 
lute sulphuric  acid,  shaking  repeatedly,  and  filtering  after  the 
lapse  of  some  hours.  The  filtrate  may  be  tested  at  once  for 
chlorine,  bromine,  iodine,  and  cyanogen,  as  in  §  157  ;  or  the  zinc 
may  be  thrown  down  by  carbonate  of  soda,  so  as  to  obtain  the  salt- 
radicles  in  combination  with  sodium. 


INSOLUBLE  CYANOGEN  COMrOUNDS.  [§  204. 

SECTION  II. 

PRACTICAL    COURSE   IN   PARTICULAR  CASES. 

I.  ANALYSIS  OF  CYANIDES,  FERROCYANIDES,  ETC.,  INSOLUBLE  IN 
WATER,  AND  ALSO  OF  INSOLUBLE  MIXED  SUBSTANCES  CON- 
TAINING SUCH  COMPOUNDS.* 

§  204. 

The  analysis  of  cyanogen  compounds  insoluble  in  water,  as  215 
also  of  ferrocyanides,  ferricyanides,  &c.,  in  the  ordinary  way,  is 
often  attended  by  the  manifestation  of  such,  anomalous  reactions 
as  easily  to  mislead  the  analyst.  Moreover,  acids  often  fail  to 
efiect  the  complete  solution  of  these  compounds.t  For  these 
reasons,  it  is  advisable  to  analyse  them,  and  mixtures  containing 
them,  by  the  following  special  method  :— 

1.  The  residue  left  after  all  the  soluble  substances  have  been 
ext.racted  with  water  is  boiled  with  strong  solution  of  potassa  or 
soda;  after  a  few  minutes'  ebiiUition,  some  carbonate  of  soda  is 
added  and  the  mixture  boiled  again  for  some  time ;  it  is  filtered 
from  the  residue,  should  there  be  any,  and  the  residue  is  washed. 

a.  The  residue,  which  is  now  free  from  cyanogen  (unless 
the  substance  contains  cyanide  of  silver),  is  examined  in  the 
ordinary  way,  beginning  at  37- 

b.  The  solution,  which,  if  combinations  of  compound  cyan-  216 
ogen  radicles  (ferrocyanogen,  cobalticyanogen,  &c.)  are  pre- 
sent, contains  these  combined  with  alkali  metals,  may  also 
contain  other  acids,  which  have  been  separated  from  their 
bases  by  boiling  with  carbonate  of  soda,  and  lastly,  also,  such 
oxides  as  are  soluble  in  caustic  alkahes. 

a.  A  portion  is  carefully  mixed  with  sulphuretted  hydro- 
gen water.  J 

aa.  No  permanent  precipitate  is  formed  :  absence  of 
zinc  and  lead  and  also  of  other  metals  of  the  Groups  IV. 
and  Y.  (which  may  have  passed  into  solution  owing  •  to 

*  The  explanatory  notes  to  §  240  contained  in  the  Third  Section  of  the  Second 
Part  must  be  carefully  studied  before  commencing  the  examination. 

+  The  presence  of  insoluble  cyanides,  ferrocyanides,  &c.,  is  generally  detected 
in  the  preliminary  examination  on  igniting  the  substance  in  a  glass  tube,  cj'anogeu 
and  sometimes  nitrogen  being  evolved,  whilst,  if  water  is  present,  hydrocyanic  acid 
and  ammonia  are  given  off,  and  generally  a  metal  mixed  or  combined  with  carbon 
remains  in  the  residue.  Most  of  the  insoluble  ferrocyanides  and  ferricyanides 
yield  blue  or  green  products  of  decomposition  when  boiled  with  hydrochloric  acid. 

J  Adding  sulphm-etted  hydrogen  water,  or  passing  the  gas  into  the  solutiou, 
until  the  mixture  smells  of  the  reagent  must  naturally  be  avoided  (that  is,  until 
all  the  alkali  present  has  been  converted  into  hydrosulphide  of  sulphide  of  alkali 
metal),  since  this  might  lead  to  the  precipitation  of  any  alumina  which  may  be 
present  in  the  alkaline  solution,  and  even  of  sulphides  of  metals  of  the  sixth 
group— a  precipitation  which  is  not  intended  here. 
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the  presence  of  organic  matter),  with  the  exception  of 
mercury,  the  sulphide  of  which  may  remain  dissolved  in 
the  sulphide  of  sodium  solution.    Pass  on  to  217- 

hh.  A  permanent  precipitate  is  formed.  A  little  yellow 
sulphide  of  sodium  is  added,  drop  by  drop,  to  the  greater 
part  of  the  alkaline  solution  (216)  so  long  as  a  precipita,te 
is  produced,  avoiding  any  great  excess  of  the  precipitant. 
The  mixture  is  gently  heated,  filtered,  and  the  filtrate 
treated  as  directed  in"  217-  The  washed  precipitate  is 
heated  with  dilute  nitric  acid,  which  may  leave  sulphide 
of  mercury  and  sulphate  of  lead  undissolved,  and  the 
solution  examined  for  metals  of  the  fourth  and  fifth 
groups  in  the  ordinary  way.  If  a  residue  is  left  on  heat- 
ing with  nitric  acid,  this  is  examined  for  sulphide  of 
mercury  and  sulphate  of  lead  according  to  133- 

i8.  The  alkaline  liquid,  in  which  sulphuretted  hydrogen  217 
water  has  produced  no  precipitate,  or  which  has  been  filtered 
olf  from  the  precipitate  produced  by  sulphide  of  sodium,  is 
acidified  with  dilute  sulphuric  acid,  and  if  the  solution  does 
not  smell  strongly  of  sulphuretted  hydrogen,  some  more  of 
it  is  added. 

aa.  There  is  no  precipitate  other  than  a  little  sulphur  : 
absence  of  mercury  and  the  oxides  of  the  sixth  group. 
Pass  on  to  218- 

bb.  A  preci2ntate  is  formed.  The  greater  portion  of  the 
solution  mentioned  in  217  is  treated  like  the  small  por- 
tion, the  precipitate  collected,  washed,  and  examined  for 
mercury  and  the  metals  of  the  sixth  group  according  to 
§  191.    The  filtrate  is  examined  according  to  218- 

y.  The  solution  which  has  given  no  precipitate  with  sul-  218 
phuretted  hydrogen,  whether  alkaline  or  acid,  or  which  has 
been  filtered  off  from  such  precipitates,  miist  now  be  ex- 
amined for  those  metals  (iron,  cobalt,  manganese,  chro- 
mium), which  form  compound  i-adicles  with  cyanogen,  also 
for  alumina.  It  has  also  to  be  tested  for  cyanogen,  ferro- 
cyanogen,  cobalticyanogen,  &c.,  as  well  as  for  the  other 
acids.    It  is  treated  as  follows : — 

aa.  Samples  of  this  are  employed  for  the  detection  of 
the  acids  according  to  §  199  and  §  200  respectively.  If 
the  solution  is  already  acidified  with  sulphuric  acid,  the 
examination  for  the  acids  must  be  proceeded  with  without 
delay,  as  otherwise  any  hydroferrocyanic  or  hydroferri- 
cyanic  acids  present  will  be  decomposed.  For  this  pur- 
pose, ferric  chloride  and  ferrous  sulphate  are  first  added 
to  the  acid  solution  in  order  to'  detect  the  presence 
of  ferrocyanogen  and  ferricyanogen  respectively.*  If 

'  It  must  be  remembered  that  the  ferricyanide  originally  present  may  be  con- 
verted into  ferrocyanide  not  only  by  sulphuretted  hydrogen,  but  also  by  bases 
capable  of  being  more  highly  oxidized,  &c. ;  for  example, 

3K,CiAJe,,  +  KG,  HO  +  2FeO  =  2(2K,C„N,,Fe)  +  Fe,0,  +  HO 
[KoFej(CN),2  +  2K0H  +  2FeO  =  2KiFe(CN)6  +  F  CaOj  -1-  HjOJ. 
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sulphuretted  liydi'ogen  is  present,  this  test  is  natui-ally 
of  no  avail,  as  hydroferricy<inic  acid  is  converted  into 
hydroferrocyanic  acid  by  sulphuretted  hydrogen;  it  is 
advisable  in  such  a  case  to  free  tlie  solution  as  much  as 
possible  from  suljihuretted  hydrogen  by  passing  through 
it  a  rapid  stream  of  air.  Cobalticyanogen  may  be  recog- 
nized by  its  giving  a  greenish  precipitate  with  nickel 
salts  and  white  precipitates  with  zinc  and  manganese 
salts;  the  presence  of  cobalt  in  them  may  be  recognized 
by  means  of  the  borax  bead. 

hh.  Another  portion  of  the  solution  mentioned  in  218 
is  acidified  with  dilute  sulphuric  acid  and  evaporated 
nearly  to  dryness;  some  pure  concentrated  sulphuric 
acid  is  then  added,  and  the  mixture  heated  until  the 
greater  part  of  the  free  acid  is  expelled.  The  residue  is 
dissolved  in  water  and  the  solution  tested  for  iron,  man- 
ganese, cobalt,  alumina,  and  sesquioxide  of  chromium 
according  to  §  194. 

I.  Another  portion  of  the  solution  mentioned  in  216  219 
from  which,  all  the  metallic  sulphides  have  been  precipitated, 
is  tested  for  sulphuric  acid  by  adding  hydrochloric  acid  and 
chloride  of  barium,  or  nitric  acid  and  nitrate  of  barium,  and 
for  ferricyanogen  *  by  ferrous  sulphate  with  subsequent 
addition  of  hydrochloric  acid. 

2,  Another  portion  of  the  original  solution  is  decomposed  by 
continued  heating  with  pure  concentrated  sulphuric  acid,  and 
tested  for  alkalies  after  removing  all  other  bases. 

II.  ANALYSIS  or  SILICATES. 
§  205. 

It  may  be  ascertained  whether  the  substance  is  a  silicate  or  220 
contains  one,  by  a  preliminary  examination  with  microcosmic  salt 
before  the  blowpipe;  during  the  fusion,  the  metalhc  oxides  dis- 
solve, whilst  the  separated  silicic  acid  floats  about  in  the  liquid 
bead  as  a  translucent  swollen  mass  {§  150,  8). 

The  analysis  of  silicates,  strictly  speaking,  differs  from  the 
usual  course  only  in  so  far  as  the  preparatory  treatment  is  con- 
cerned, to  separate  the  silicic  acid  from  the  bases,  and  to  obtain  the 
latter  in  solution. 

The  silicates  and  double  silicates  are  divided  into  two  classes, 
which  must  be  clearly  distinguished,  as  they  require  different 
methods  of  analysis;  viz.,  (1)  silicates  readily  decomposable  by 
acids  (hydrochloric  acid,  nitric  acid,  sulphuric  acid),  and  (2)  silicates 
which  are  not  decomposed  by  acids,  or  only  with  difficulty.  Many 
rocks  consist  of  mixtures  of  the  two  classes  of  sihcates. 

In  order  to  ascertain  to  which  class  a  given  silicate  belongs,  it 
is  reduced  to  a  very  fine  powder,  and  a  portion  digested  with  hydro- 
chloric acid  at  a  temperature  near  the  boiling-point.    If  this  does 


*  Compare  note  on  p.  331. 
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not  decompose  it,  another  portion  is  heated  for  a  long  time  with  a 
mixture  of  3  parts  of  concentrated  sulphuric  acid  and  1  part  ot 
water  If  this  also  faUs,  the  silicate  belongs  to  the  second  class. 
The  appearance  generally  tells  whether  decomposition  has  been 
effected  by  the  acid  or  not,  as  a  coloured  solution  is  almost  in- 
variably formed,  and  the  separated  gelatinous,  flocculent,  or  finely 
pulverulent  hydrate  of  silicic  acid  takes  the  place  of  the  original 
heavy  powder  which  grated  when  it  was  stirred  with  a  glass  rod. 
To  ascertain  whether  the  decomposition  is  complete,  or  extends 
only  to  one  of  the  components  of  the  rock,  the  separated  hydrate  of 
silicic  acid,  after  being  washed,  is  boiled  in  a  solution  of  carbonate 
of  soda.  If  it  dissolves  completely,  it  has  been  entirely  decom- 
posed ;  if  not,  the  decomposition  is  only  partial.  The  results  of 
these  preliminary  tests  will  show  whether  the  silicates  should  be 
examined  according  to  §  206,  §  207,  or  §  208. 

Before  proceeding  further,  a  portion  of  the  substance  is  ex- 
amined also  for  water,  by  heating  it  in  a  glass  tube  thoroughly  dry. 
If  the  substance  contains  hygroscopic  moisture,  it  must  first  be 
dried  at  100°  for  a  long  time.  The  sample  is  exposed  to  a  gentle 
heat  at  first,  but  is  finally  intensely  ignited  by  means  of  the  gas 
lamp  (p.  22)  or  the  blowpipe ;  it  is  also  convenient  to  make  a  pre- 
liminary examination  for  fluorine  here  (§  146,  8). 

A.  Silicates  Decomposable  by  Acids. 
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§  206. 

a.  Silicates  decomposable  by  hydrochloric  or  nitric  acid.^^ 

1 .  The  finely  powdered  silicate  is  made  into  a  homogeneous  paste  221 
with  a  little  water,  hydrochloric  or  nitric  acid  added,  and  the  mix- 
ture digested  at  a  temperature  near  the  boiling-point  until  it  is 
completely  decomposed;  a  small  portion  of  the  solution  is  then 
filtered,  and  the  remainder,  together  with  the  silicic  acid  sus- 
pended therein,  is  evaporated  to  dryness,  and  the  residue  heated 
at  100°  (or  but  little  above)  with  constant  stirring,  until  hardly  any 
more  hydrochloric  or  nitric  acid  fumes  escape;  when  cold,  it  is 
moistened  with  hydrochloric  acid  or  nitric  acid,  as  the  case  may 
be,  a  little  water  is  subsequently  added,  and  the  mixture  heated 
gently  for  some  time. 

This  operation  effects  the  separation  of  the  silicic  acid, 
whilst  the  bases  pass  into  solution  as  chlorides  or  nitrates.  The 
solution  is  filtered,  the  residue  thoroughly  washed,  and  the  solu- 
tion examined  in  the  ordinary  way  for  the  bases,  beginning  at 
§  189,  II.  or  III.  The  residual  silicic  acid  must  always  be  tested, 
as  it  cannot  be  considered  pure.  It  frequently  contains  titanic 
acid,  occasionally  sulphate  of  baryta,  possibly  also  sulphate  of 
strontia,  and  often  a  little  alumina.  It  is  best  tested  by  re- 
peatedly heating  it  in  a  platinum  dish  with  hydrofluoric  and  sul- 
phuric acids,  until  all  the  silicic  acid  has  been  removed  as  fluoride 
of  silicon.    The  residue  is  then  ignited,  fused  with  bisulphate  of 


*  Nitric  acid  is  preferable  to  hydrochloric  acid  when  compounds  of  silvi 
lead  are  present. 
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potassa,  and  treated  with  cold  water ;  if  anything  insoluble  remains, 
it  is  filtered  off  and  tested  according  to  §  99  for  sulphate  of 
baryta  (and  strontia).  The  dihited  aqueous  solution  is  tested 
by  long  boiling  for  titanic  acid*  (§  104,  8),  and  the  filtrate 
therefrom  is  tested  by  ammonia  for  alumina,  (If  there  Ls  any 
chance  of  the  presence  of  chloride  of  silver  in  the  silicic  acid,  a 
portion  of  it  is  digested  with  ammonia,  filtered,  and  the  filtrate 
tested  by  adding  nitric  acid  in  excess.) 

2.  As  silicates,  and  more  particularly  those  decomposed  by  222 
hydrochloric  acid,  often  contain  other  acids,  and  also  metalloids, 
the  following  observations  and  instructions  must  be  attended  to, 
in  order  that  none  of  these  substances  may  be  overlooked :  

a.  Carbonates  are  detected  when  treating  the  substance 
with  hydrochloric  acid.  S  u  1  p  h  i  d  e s  are  often  detected  in  the 
same  operation,  otherwise  they  are  tested  for  according  to 
§  156,  8  or  9. 

/3.  If  the  separated  silicic  acid  is  black,  and  turns  white  on 
ignition  in  the  air,  this  indicates  the  presence  of  carbon  or 
of  organic  substances.  When  the  latter  are  present,  the 
siHcates  emit  an  empyreumatic  odour  on  being  heated  in  the 
glass  tube. 

y.  The  portion  of  the  hydrochloric  acid  solution  filtered  off 
before  evaporating  is  tested  for  sulphuric  acid,  phos- 
phoric acid,  and  arsenic  acid — for  sulphuric  acid  by 
diluting  and  adding  chloride  of  barium ;  for  arsenic  acid  by 
passing  sulphuretted  hydrogen  into  the  solution  at  70°;  for 
phosphoric  acid  by  molybdate  of  ammonia,  after  the  hydro- 
chloric acid  is  I'emoved  by  adding  nitric  acid,  evaporating  to 
dryness  on  the  water-bath,  warming  the  residue  with  nitric 
acid,  and  filtering.  If  arsenic  has  been  found,  phosphoric 
acid  is  tested  for  in  the  solution  filtered  from  the  sulphide  of 
arsenic. 

S.  Boric  acid  is  best  detected  by  fusing  a  portion  of  the  223 
substance  in  a  platinum  spoon  with  carbonate  of  soda  and 
potassa,  boiling  the  fused  mass  with  water,  and  testing  the 
solution  for  boric  acid  by  §  144,  6. 

e.  "With  many  silicates,  the  chlorides  present  may  be 
extracted  by  boiling  with  water  and  testing  the  filtrate  by 
nitrate  of  silver ;  the  safest  way,  however,  is  to  dissolve  the 

*  If  the  silicic  acid  has  been  separated  by  evaporation  on  tbe  water-batli,  only 
a  small  portion  of  the  titanic  acid  will  be  fonnd  along  with  it,  the  remainder  wiU 
be  in  the  hydrochloric  acid  solution  and  will  be  precipitated  by  ammonia  along  with 
the  ferric  oxide  and  alnmina.  To  find  this,  the  dried  precipitate  is  fused  -with  bi- 
sulphate  of  potassa,  the  melt  dissolved  in  cold  water,  filtered  if  necessary,  diluted 
considerably,  and  sulphuretted  hydrogen  passed  until  the  ferric  oxide  is  com- 
pletely reduced  to  ferrous  oxide  ;  the  liquid  (without  filtering  ofi^  the  sulphur)  is 
then  kept  boiling  for  half  an  hour  with  a  constant  current  of  carbonic  acid  passing 
through  it.  The  precipitate  is  collected,  washed,  and  ignited ;  the  sulphur  will  burn 
off',  leaving  the  titanic  acid.  Should  it  still  contain  iron,  it  must  be  re-di.ssolved 
by  fusion  with  bisulphate  of  potassa  and  treatment  with  cold  water,  and  then 
precipitated  by  boiling  with  hyposulphite  of  soda. 
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mineral  in  dilute  nitric  acid,  and  test  the  solution  with  nitrate 
of  silver. 

C.  Fluorides,  more  or  less  of  which  often  occur  in  sili- 
cates, are  detected  by  §  146,  6. 
3.  If  the  silicates  contain  iron,  as  is  usually  the  case,  it  is  224 
necessary  to  ascertain  whether  it  is  present  in  the  ferrous  or  ferric 
state  or  both.  For  this  purpose,  a  portion  of  the  finely  powdered 
substance  is  heated  with  moderately  concentrated  hydi-ochloric 
;icid,  avoiding  access  of  air  as  far  as  possible,  the  solution  diluted, 
filtered,  and  then  tested  with  ferricyanide  of  potassium  and  sulpho- 
cyanate  of  potassium  (§  110,  8,  and  §  111,  8). 

h.  Silicates  which  resist  the  action  of  hydrochloric  acid,  but 
are  decomposed  by  concentrated  sulphuric  acid. 

The  finely  pulverized  mineral  is  heated  with  a  mixture  of  225 
3  parts  of  concentrated  pure  sulphuric  acid  and  1  part  of  water 
(b3st  in  a  platinum  dish),  the  greater  portion  of  the  sulphuric  acid 
is  finally  driven  off,  the  residue  boiled  with  hydrochloric  acid, 
diluted,  filtered,  and  the  filtrate  treated  as  directed  in  §  190;  the 
residue,  which,  besides  the  separated  silicic  acid,  may  contain  also 
sulphates  of  the  alkaline  earths,  &c.,  is  examined  as  directed  in 
206,  1.  If  it  is  wished  to  examine  silicates  of  this  class  for  acids 
and  salt-radicles,  a  separate  portion  of  the  substance  must  be  treated 
according  to  §  207. 

B.  Silicates  which  are  Not  Decomposed  by  Acids.* 

§  207. 

As  the  silicates  of  this  class  are  most  conveniently  decomposed  226 
by  fusion  with  carbonate  of  soda  and  potassa,  the  portion  so 
treated  cannot,  of  course,  be  examined  for  alkalies.  The  analy- 
tical process  is  therefore  divided  into  two  principal  parts,  a  portion 
of  the  mineral  being  examined  for  the  silicic  acid  and  the  bases, 
with  the  exception  of  the  alkalies,  whilst  another  portion  is  spe- 
cially examined  for  the  latter.  The  mineral  must  also  be  examined 
for  other  acids. 

1.  Detection  of  the  silicic  acid  and  the  bases,  with  the 
exception  of  the  alkalies. 

The  mineral  in  very  fine  powder  is  mixed  with  4  parts  of  car-  227 
bonate  of  soda  and  potassa  mixture,  and  then  heated  in  a  platinum 
crucible  over  a  gas  lamp  or  Berzelius  spirit  lamp  until  the  mass  is 
in  a  state  of  calm  fusion.  The  red-hot  crucible  is  placed  on  a  thick, 
cold  iron  plate,  and  allowed  to  cool  there ;  or  it  is  treated  as  in 
208,  so  as  to  remove  the  fused  cake  from  the  crucible.  If  this  is 
successful,  the  mass  is  broken  in  pieces,  and  a  portion  kept  for  the 

*  It  will  be  understood,  from  what  has  been  stated  in  §  205,  that  these  are  not 
decomposed  by  heating  with  hydrochloric  acid  and  sulphuric  acid  in  open  vessels. 
If,  however,  they  are  finely  powdered,  and  heated  in  a  sealed  glass  tube,  with  a 
mixture  of  .3  i)arts  of  concentrated  suli)huric  acid  and  1  part  of  water  or  w^ith 
hydrochloric  acid,  at  200°-210°,  most  of  them  are  decomposed,  and  may  accord- 
ingly be  analysed  in  this  manner  (A.  Mitscherlich). 
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examination  for  acids.  The  portion  intended  for  testing  for  the 
bases,  whether  in  loose  pieces  or  still  adhering  to  the  crucible,  is 
placed  in  a  porcelain  dish,  water  poured  over  it,  hydrocliloric  acid 
added,  and  the  mixture  heated  gently  until  the  mass  is  dissolved 
with  the  exception  of  the  silicic  acid,  which  separates  in  flocks. 
The  crucible  is  removed  from  the  dish  if  necessary,  the  mix- 
ture evaporated-  to  dryness,  and  the  residue  treated  as  directed 
in  122. 

2.  Detection  of  the  alkalies. 

To  effect  this  the  silicate  must  be  decomposed  by  means  of  a  228 
substance  free  from  alkalies.    Hydrofluoric  acid  or  a  metallic 
fluoride  answers  best ;  but  fusion  with  hydrate  of  baryta  may  also 
be  employed. 

a.  Decomposition  by  aqueous  hydrofluoric  acid. — 
The  finely  powdered  substance  is  rubbed  up  with  water,  in  a 
platinum  dish,  to  the  consistency  of  a  thin  paste,  aqueous 
hydrofluoric  acid  and  hydrochloric  acid  are  added,  and  the 
mixture  heated  until  the  silicate  is  dissolved.  (This  operation 
may  be  conducted  in  the  open  air,  but  care  must  be  taken 
that  the  vapours  are  neither  breathed  nor  allowed  to  come 
into  contact  with  the  hands.)  Dilute  sulphuric  acid  is  then 
added,  and  the  mixture  evaporated  until  all  the  hydrochloric 
and  hydrofluoric  acids  and  nearly  all  the  sulphuric  acid  have 
been  driven  off.  After  cooling,  water  is  added,  the  mixture 
heated  to  boiling,  a  slight  excess  of  chloride  of  barium  added  and 
then  milk  of  lime  to  alkaline  reaction.  After  repeated  boihng, 
the  solution  is  filtered  and  ammonia  and  carbonate  of  ammonia 
added  to  the  filtrate  as  long  as  any  precipitate  is  formed ;  after 
standing  an  hour,  the  precipitate  is  filtered  off  and  the  filtrate 
tested  for  potassa  and  soda  according  to  §  168,  /3,  and  for 
lithia,  csesia,  and  rubidia  according  to  the  directions  given 
on  p.  92. 

h.  Decomposition  by  means  of  a  metallic  fluor- 
ide.— One  part  of  the  very  finely  pulverized  mineral  is  mixed 
with  5  parts  of  fluoride  of  barium,  or  of  pure,  finely  pulverized 
fluoride  of  calcium,  or  with  3  parts  of  fluoride  of  ammonium, 
and  the  mixture  stirred  with  concentrated  sulphui"ic  acid,  in  a 
platinum  crucible,  to  a  thickish  paste ;  it  is  then  gently  heated 
for  some  time  in  the  open  air  or  in  a  place  where  the  fumes 
will  be  well  carried  away,  and  finally  a  little  more  strongly, 
until  the  excess  of  sulphuric  acid  is  completely  expelled.  Tl>e 
residue  is  boiled  with  water,  chloride  of  barium  cautiously 
added  as  long  as  a  precipitate  continues  to  form,  then  milk  of 
lime,  &c.,  and  treated  as  in  a. 

c.  Decomposition  by  means  of  baryta. — One  part  of  229 
the  very  finely  pulverized  substance  is  mixed  with  3  to  4  parts  of 
carbonate  of  baryta  and  2  of  chloride  of  barium,  and  heated  as 
strongly  as  possible  for  half  an  hour  in  a  platinum  crucible ; 
the  fused  mass  is  soaked  in  water,  boiled  with  a  small  quantity 
of  milk  of  lime,  filtered,  precipitated  with  ammonia  and 
carbonate  of  ammonia,  and  for  the  rest  treated  as  in  a. 
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3.  Examination  for  fluorine,  chlorine,  boric  acid,  phosphoric 
acid,  arsenic  acid,  and  sulphuric  acid. 

For  this  purpose,  the  portion  of  the  fused  mass  reserved  in  230 
227  is  employed,  or,  if  necessary,  a  separate  portion  of  the  finely 
pulverized  substance  is  fused  with  4  parts  of  pure  carbonate  of  soda 
and  potassa  mixture  imtil  the  mass  flows  calmly ;  the  melt  is  boiled 
with  water,  and  the  solution  filtered ;  the  filtrate  contains  all  the 
fluorine  as  fluoride  of  sodium,  all  the  chlorine  as  chloride  of  sodium, 
aU  the  boric  acid  as  borate,  all  the  sulphuric  acid  as  sulphate,  all 
the  arsenic  acid  as'arsenate,  and  at  least  part  of  the  phosphoric  acid 
as  phosphate  of  soda;  it  is  treated  as  follows  : — 

a.  A  small  portion  is  acidified  with  nitric  acid,  and  tested 
for  chlorine  with  nitrate  of  silver. 

h.  Another  portion  is  tested  for  boric  acid  as  directed  in 
§  144,  6. 

c.  To  detect  fluorine,  a  third  portion  is  treated  as  directed 
in  §  146,  7. 

cl.  The  remainder  is  acidified  with  hydrochloric  acid,  and  a 
smaU  portion  tested  with  chloride  of  barium  for  sulphuric 
acid;  whilst  the  remainder  is  heated  to  70°,  and  tested  for 
arsenic  acid  by  sulphuretted  hydrogen.  If  there  is  no  pre- 
cipitate, the  solution  is  evaporated  to  dryness,  with  addition  of 
nitric  acid ;  if  a  precipitate  forms,  the  filtrate  is  treated  in  the 
same  way ;  in  either  case  the  residue  is  taken  up  with  nitric 
acid  and  water,  and  the  solution  examined  for  phosphoric 
acid  with  a  solution  of  molybdate  of  ammonia  in  nitric 
acid  (§  142,  10). 

C.  Silicates  which  are  Partially  Decomposed  by  Acids. 

§  208. 

Most  rocks  are  mixtures  of  several  silicates,  of  which  very  often  231 
some  are  decomposable  by  acids,  others  not.  If  such  substances 
were  analysed  by  the  same  method  as  the  silicates  insoluble  in  acids, 
the  analyst  would  indeed  detect  all  the  elements  present,  but  the 
analysis  would  afibrd  no  satisfactory  insight  into  the  actual  com- 
position of  the  rock. 

It  is  therefore  advisable  to  examine  separately  those  consti- 
tuents which  behave  differently  with  acids.  For  this  purpose,  the 
very  finely  pulverized  substance  is  digested  for  some  time  with 
moderately  concentrated  hydrochloric  acid  at  a  gentle  heat,  a  small 
portion  of  the  solution  is  filtered  off",  and  the  remainder  with  the 
residue  evaporated  to  dryness;  it  is  then  heated  at  100°,  or  a  little 
above,  with  constant  stirring,  until  no  more,  or  only  very  little, 
hydrochloric  acid  fumes  are  evolved,  allowed  to  cool,  moistened 
with  hydrochloric  acid,  heated  gently  with  water,  and  filtered. 

The  filtrate,  which  contains  the  bases  of  that  part  of  the  mixed 
mineral  which  has  been  decomposed  by  hydrochloric  acid,  is 
examined  as  directed  in  221,  and  the  portion  first  filtered  off 
according  to  222,  y.    Portions  of  the  original  substance  must  bo 
(JUAL.  a 
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tested  for  other  acids  as  directed  in  222,  a  and  13,  and  223 ;  and 
according  to  224  to  ascertain  in  what  stage  of  oxidation  the  iron 
is.  The  residue,  which,  besides  the  silicic  acid  separated  from  the 
decomposed  portion  of  the  silicate,  contains  that  part  of  the  mixed 
mineral  which  has  resisted  the  action  of  the  hydrochloric  acid,  is 
boiled  with  an  excess  of  solution  of  carbonate  of  soda,  filtered  hot, 
and  washed,  first  with  hot  solution  of  carbonate  of  soday  and  finally 
with  boiling  water.  The  undecomposed  portion  of  the  mineral, 
thus  freed  from  the  admixed  separated  silicic  acid,  is  treated 
according  to  §  207,  whilst  the  alkaHne  filtrate  is  acidified  with 
hydrochloric  acid,  evaporated  to  dryness,  treated  with  hydrochloric 
acid  and  water,  and  the  silicic  acid  filtered  ofi";  the  filtrate  is  now 
rendered  alkaline  with  ammonia,  and  warmed ;  if  a  precipitate  is 
formed,  it  should  be  treated  with  the  separated  silicic  acid  according 
to  221,  to  test  it  for  titanic  acid.  In  cases  where  it  is  of  no  interest 
to  effect  the  separation  of  the  silicic  acid  of  the  part  decomposed  by 
acids,  the  troublesome  treatment  with  carbonate  of  soda  may  be 
omitted,  and  the  examination  of  the  residue  proceeded  with  directly. 

III.  ANALYSIS  OF  NATURAL  WATERS. 
§  209. 

In  the  examination  of  natviral  waters  the  analytical  process  is  232 
simplified  by  the  circumstance  that  we  know  from  experience  what 
substances  are  usually  present.  Now,  although  a  quantitative 
analysis  alone  can  properly  inform  us  of  the  true  character  of  a 
water — since  the  difierences  between  waters  are  principally  caused 
by  the  different  proportions  of  the  constituents — still  a  qualitative 
analysis  may  render  very  good  service,  especially  if  the  analyst 
notes  whether  a  reagent  produces  a  faint  or  a  distinctly  marked 
turbidity,  a  slight  or  a  copious  precipitate;  as  in  this  way  an 
.approximate  estimation  of  the  relative  proportions  of  the  con- 
stituents may  be  made. 

The  analysis  of  ordinary  drinking  waters  is  here  treated  sepa- 
rately from  that  of  mineral  waters,  in  which  sea-water  may  also 
be  included ;  for,  although  no  sharply  defined  line  can  be  drawn 
between  the  two  classes,  yet  the  analytical  examination  of  the 
former  is  necessarily  far  simpler,  as  the  number  of  substances  to 
be  looked  for  is  much  more  limited. 

A.  Analysis  of  Potable  Waters  (Spring-watee,  Well- 
water,  KlVER-WATER,  &C.) 

§  210. 

Prom  experience  we  know  that  the  substances  to  be  looked  for  233 
in  the  analysis  of  such  waters  are  the  following  :— 

a.  Bases:  Potassa,  soda,  ammonia,  lime,  magnesia,  ferrous 
oxide. 

b.  Acids,  &c. :   Sulphuric  acid,  phosphoric  acid,  silicic  acid, 
-carbonic  acid,  nitric  acid,  nitrous  acid,  chlorine. 
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c.  Organic  matter. 

cl.  Mechanically  suspended  substances:  Clay,  &c. 

It  cannot  indeed  be  said  that  potable  waters  contain  no  other 
constituents ;  in  fact,  many  others  are  present,  as  may  be  inferred 
from  the  origin  and  formation  of  springs,  &c.,  and  this  has  been 
fuUy  estabhshed  by  the  results  of  analytical  investigations.*  The 
quantity  of  such  constituents,  however,  is  so  trifling  that  they 
usually  escape  detection,  when  pounds  instead  of  hundredweights  of 
the  water  are  examined ;  the  mode  of  their  detection  is  therefore 
omitted  here,  and  the  student  is  referred  for  the  manner  of  their 
detection,  as  also  for  that  of  the  oxygen  and  nitrogen  always  pre- 
sent in  potable  waters,  to  §  211,  and  also  to  §  208,  10,  and  §  210, 
of  the  sixth  edition  of  the  Quantitative  Analysis. 

1.  The  water  is  clear. 

1.  1000  to  2000  grams  of  the  carefully  collected  water  is  234 
•evaporated  in  a  porcelain  dish  to  one-half  (glass  vessels  cannot  be 
recommended,  as  boiling  water  attacks  them  much  more  than 
porcelain) ;  this  generally  produces  a  precipitate.  The  Hquid  is 
poured  on  to  a  perfectly  clean  filter  free  from  iron  and  lime,  so 
that  as  much  of  the  precipitate  as  possible  may  remain  in  the  dish ; 
the  precipitate  is  well  washed  after  the  filtrate  has  been  removed, 
and  then  both  are  examined  as  follows  : — 

a.  Examination  of  the  precipitate. 

The  precipitate  contains  those  constituents  of  the  water  235 
which  were  kept  in  solution  by  the  free  carbonic  acid  present, 
that  is,  in  the  form  of  bicarbonates — namely,  carbonate  of 
lime,  carbonate  of  magnesia,  ferric  oxide  (which  was  in  solu- 
tion as  ferrous  bicarbonate,  and  is  precipitated  on  boiling  as 
ferric  hydrate,  silicate,  and  in  presence  of  phosphoric  acid, 
•also  as  phosphate),  phosphate  of  lime  ;  also  silicic  acid,  some- 
times sulphate  of  lime  (if  that  substance  is  present  in  large 
proportion).  A  small  quantity  of  hot  dilute  hydrochloric 
acid  (1  :  3)  is  poured  over  the  precipitate  on  the  filter,  the 
point  of  which  has  been  previously  pierced  with  a  platinum 
Tvire,  and  the  liquid  passing  through  is  collected  in  the  dish 
which  contains  the  main  part  of  the  precipitate  formed  on  boil- 
ing. As  a  rule,  effervescence  takes  place,  due  to  the  evolu- 
tion of  carbonic  acid.  The  dish  is  then  heated,  and  the 
solution,  which  is  often  somewhat  turbid,  is  examined  as 
foUows : — 

a.  A  small  portion  of  the  solution  is  tested  for  iron  236 
with  sulphocyanate  of  potassium.f 

*  Chatin  (Jour.  Pharm.  Chim.  [3],  27,  418)  found  iodine  in  all  fresh-water 
plants,  but  not  in  land  plants,  so  that  the  water  of  rivers,  brooks,  ponds,  &c., 
must  contain  traces  of  metallic  iodides,  even  though  extremely  minute.  According 
to  Marchand  (Compt.  rend.,  31,  495),  all  natural  waters  contain  iodine,  bromine, 
and  lithia.  Van  Ankum  has  shown  that  iodine  is  present  in  almost  aU  the 
potable  waters  of  Holland.  And  it  may  be  affirmed  with  the  same  certainty  that 
all,  or  at  all  events  most,  natural  waters  contain  compounds  of  strontia,  baryta 
fluorine,  &c.  * 

t  When  the  presence  of  iron  has  to  be  detected  with  cortainty,  there  must  be 
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p.  The  remainder  of  the  solution  is  evaporated  to  dry- 
ness in  a  small  porcelain  dish  on  the  water-bath,  the 
residiie  is  moistened  with  a  few  drops  of  hydrochloric  acid, 
water  added,  and  the  undissolved  silicic  acid  filtered  olf. 
A  small  portion  of  the  filtrate  is  evaporated  with  nitric 
acid  to  a  small  bulk,  and  tested  for  phosphoric  acid 
with  molybdic  acid  solution  (§  142,  10).  A  second  portion 
is  tested  for  sulphuric  acid  with  barium  chloride.  Am- 
monia in  excess  is  added  to  the  remainder,  it  is  filtered 
if  necessary,  oxalate  of  ammonia  added,  and  the  mixture 
allowed  to  remain  for  some  time  in  a  warm  place.  A 
white  precipitate  indicates  lime  (in  the  form  of  carbonate, 
or  of  sulphate  if  sulphuric  acid  has  been  detected  in  the 
solution  obtained  by  boiling  the  precipitate  with  dilute 
hydrochloric  acid).  The  precipitate  is  filtered  ofi",  the  fil- 
trate mixed  with  more  ammonia,  some  phosphate  of  soda 
added,  the  mixture  stirred  with  a  glass  rod,  and  allowed 
to  stand  for  twelve  hours.  A  white  crystalline  precipitate, 
which  is  often  visible  only  on  the  sides  of  the  vessel 
when  the  liquid  is  poured  out,  indicates  magnesia  (as  car- 
bonate). 

i.  Examination  of  the  filtrate. 

a.  A  little  hydrochloric  acid  and  chloride  of  barium  is  237 
added  to  a  portion  of  it.    A  white  precipitate,  which  makes 
its  appearance  either  at  once  or  after  standing  some  time, 
indicates  sulphuric  acid. 

)3.  A  portion  is  mixed  with  nitric  acid,  and  nitrate  of 
silver  added;  a  white  precipitate  or  turbidity  indicates 
chlorine. 

y.  A  portion  is  tested  for  phosphoric  acid,  by  evapora- 
ting with  nitric  acid,  taking  up  with  the  same,  and  adding 
molybdic  acid  solution  (§  142,  10). 

2.  A  large  portion  is  evaporated  until  highly  concentrated;  238- 
if  the  solution  has  an  alkaline  reaction,  if  a  di'op  of  the  con- 
centrated clear  solution  effervesces  when  mixed  on  a  watch- 
glass  with  a  drop  of  acid,  and  if  carbonate  of  lime  is  precipi- 
tated on  cautiously  adding  chloride  of  calcium  to  the  alkaline 
liquid,  then  acarbonateofan  alkali  is  present.  Should  this 
be  the  case,  the  solution  is  evaporated  completely  to  dryness, 
the  residue  boiled  with  spirit  of  wine,  filtered,  and  the  solution 
evaporated  to  dryness;  the  residue  is  dissolved  lq  a  httle 
water,  and  the  solution  tested  for  nitric  acid  as  directed, 
§  159^  7,  8,  9,  or  10.* 

BO -possibility  of  its  introduction  by  dust,  &c.,  during  tlie  evaporation.  Tliis  is 
beat  effected  by  evaporating  a  sample  of  tlie  water  to  a  small  bulk  m  a  retort  or 
flask  with  a  few  drops  of  hydrochloric  and  a  single  drop  of  nitric  acid.  The 
concentrated  solution  is  then  tested  directly  with  sulphocyanate  of  potassium. 

*  This  somewhat  tedious  but  accurate  process  is  not  always  necessary ;  the 
nitric  acid  may  often  be  found  without  trouble,  by  evaporating  the  water  to  a 
small  residue,  and  testing  this  at  once  for  it.  Well-water  will  often  give  the 
i?tric  S  reaction  with  diphenylamine  (§  159.  10)  or  brucine  (§  159.  S)  without 
-concentrating. 
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e.  Some  hydrochloric  acid  is  added  to  the  remainder  of  the  239 
filtrate,  and  it  is  evaporated  to  dryness,  finally  on  the  water- 
bath;  the  residue  is  moistened  with  a  little  hydrochloric  acid, 
and  water  added ;  the  mixture  is  then  warmed,  filtered  from 
•any  residue  of  silicic  acid,  made  alkaline  with  ammonia,  and 
^oxalate  of  ammonia  added ;  it  is  then  allowed  to  stand  f  or 
some  time ;  if  there  is  any  precipitate,  it  indicates  lime.  This 
is  filtered  off,  and 

aa.  A  small  portion  of  the  filtrate  is  tested  for  magnesia 

by  ammonia  and  phosphate  of  soda. 

hb.  The  rest  is  evaporated  to  dryness,  ignited,  the  mag- 
nesia which  may  be  present  is  removed  (168,  and  the 
solution  tested  for  pot  ass  a  and  soda,  according  to  169 
and  172. 

2.  In  order  to  test  for  ammonia,  about  300  c.c.  of  the  fresh  240 
water  is  placed  in  a  glass  cylinder,  in  a  place  free  from  ammonia 
vapours,  2  c.c.  of  a  solution  of  carbonate  of  soda  added  (1  part  of 
carbonate  of  soda  and  2  parts  of  distilled  water),  and  1  c.c.  of  a 
solution  of  soda  (1  part  of  soda  and  2  parts  of  distilled  water) ;  the 
cyKnder  is  then  stoppered,  and  the  mixture  shaken  and  allowed 

to  settle.  100  c.c.  of  the  clear  liquid  is  decanted  or  filtered 
(through  a  washed  filter)  into  another  cylinder,  and  1  c;c.  of  the 
solution  of  potassio-mercuric  iodide,  and  potassa  (ISTessler  re- 
agent), described  on  p.  90,  b,  is  added.  If  a  yellow  colour  or, 
by  the  addition  of  another  c.c.  of  the  Nessler  reagent,  possibly  a 
reddish-brown  precipitate  is  produced,  the  presence  of  a  larger  or 
-smaller  amount  of  ammonia  is  indicated. 

3.  In  order  to  test  for  nitrous  acid,*  1  c.c.  of  dilute  sul-  241 
phuric  acid  and  about  1  c.c.  of  potassium  or  zinc  iodide  and  starch 
■solution  (see  note*,  p.  228)  are  added  to  about  50  c.c.  of  the  fresh 
water.    If  a  blue  coloration  appears  immediately  or  in  a  few 
■moments,  the  presence  of  a  relatively  large  quantity  of  nitrous  acid 

is  indicated ;  if,  however,  the  blue  colour  does  not  appear  until  after 
some  time,  only  a  small  amount  is  present.  The  action  of  daylight, 
and  especially  of  direct  sunhght,  must  be  carefully  avoided  during 
this  examination,  for  otherwise  a  blue  coloration  may  be  produced 
even  when  nitrous  acid  is  absent.  It  is  advisable  to  use  the  pre- 
caution of  performing  a  dupHcate  blank  experiment  with  the  same 
reagents  on  a  water  quite  free  from  nitrous  acid.  If  it  is  desired  to 
still  further  increase  the  deHcacy  of  the  test,  or  if  substances  are 
present  which  may  influence  the  direct  test,  a  larger  portion  of  the 
water  may  be  acidified  with  acetic  acid  and  distilled,  the  portion 
passing  over  first  being  tested  as  described  (comp.  §  158,  1). 

4.  In  testing  for  organic  matter  quahtatively,  it  is  usually 
enough  to  evaporate  200  c.c.  to  dryness  and  gradually  heat  the 
residue.  The  presence  of  organic  matter  is  shown  by  its  browning 
or  blackening.  If  the  heating  has  not  been  carried  too  far,  the 
carbonic  acid  which  is  evolved  on  adding  dilute  hydrochloric  acid 
to  the  residue  generally  has  an  empyreumatic  odour.     If  this 

•  Compare  5  206,  4  and  12,  of  the  sixth  edition  of  the  Quantitative 
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method  is  to  give  conclusive  results,  both  the  evaporation  and  the 
ignition  must  be  conducted  in  a  glass  flask  or  retort.* 

5.  Fetid  substances  (decaying  organic  matter)  are  detected  242 
best  by  filling  a  bottle  two-thirds  with  the  water,  covering  it  with 
the  hand,  shaking,  and  smelling.  If  there  is  an  odour  of  sulphu- 
retted hydrogen,  proceed  as  directed  in  §  212,  3.  It  can  be  readily 
ascertained  if  there  are  other  odorous  organic  matters  present 
besides  sulphuretted  hydrogen,  by  adding  a  little  sulphate  of  copper 

to  the  water  before  smelling  it. 

6.  Another  portion  of  the  water,  freshly  taken,  is  mixed  with 
lime  water.  If  a  precipitate  is  produced,  free  carbonic  acid  or 
bicarbonates  are  present.  If  free  carbonic  acid  is  present,  no 
permanent  precipitate  is  obtained  when  a  large  portion  of  the  water 
is  mixed  with  a  little  hme  water  only,  since  in  that  case  soluble 
bicarbonate  of  Hme  is  formed. 

7.  As  oxide  of  lead  may  be  present,  arising  from  leaden 
pipes,  a  large  quantity  of  the  water  is  treated  with  sulphuretted 
hydrogen,  and  allowed  to  remain  for  some  time ;  if  a  black  pre- 
cipitate forms,  it  is  examined  as  directed  in  §  193.  In  order  to 
detect  very  minute  traces  of  lead,  6  or  8  litres  of  the  water  is 
acidified  with  acetic  acid,  and  a  little  acetate  of  ammonia  added  to 
prevent  the  lead  from  being  precipitated  as  sulphate ;  it  is  then 
evaporated  to  a  smaU  residue,  filtered,  and  sulphuretted  hydrogen 
passed  into  the  filtrate,  any  black  precipitate  which  may  form  being 
examined  by  §  193. 

II.  The  water  to  be  examined  is  not  clear. 

1.  A  large  bottle  of  glass  is  filled  with  the  water,  stoppered,  243 
and  allowed  to  stand  in  a  cold  and  dark  place  until  clear.  The 
clear  water  is  then  siphoned  ofi"  and  tested  according  to  I.  1,  4, 
and  6. 

2.  In  order  to  test  for  ammonia  (I.  2),  nitrous  acid  (I.  3),  volatile 
organic  substances  (I.  5),  and  lead  (I.  7),  fresh  portions  of  the  turbid 
water  are  taken,  the  nitrous  acid  being  generally  tested  for  by  the 
distillation  method ;  lead  is  tested  for  by  passing  sulphuretted 
hydrogen  through  a  portion  of  the  water  which  has  previously 
been  evaporated  with  acetic  acid  and  sodium  acetate,  and  filtered. 

3.  If  it  is  desired  to  ascertain  the  nature  of  the  substance  ren- 
dering the  water  turbid,  the  residue  remaining  in  the  large  bottle 
(II.  1),  after  siphoning  ofi"  the  clear  water,  is  filtered,  and  the 
solid  matter  remaining  on  the  filter  examined.  As  this  may  con- 
sist of  the  exceedingly  fine  dust  of  different  minerals,  it  is  first 
treated  with  dilute  hydrochloric  acid,  and  the  insoluble  residue 
examined  for  siHcates  according  to  the  method  given  at  §  205.t 


*  For  more  exact  methods  of  detecting  organic  matter,  see  §  205,  11,  of  the 
Quantitative  Analysis  (sixth  edition),  and  for  microscopic  methods  of  research 
for  bacteria,  consult  Hueppe,  Die  31ethoden  der  B aider ien  For schung  {Wiesbaden, 
1885). 

t  With  regard  to  more  accurate  examinations,  compare  §  205,  II.  2,  of  the  sixth, 
edition  of  the  Quantitative  Analysis. 
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B.  Analysis  of  Mineral  Waters. 


§  211. 

The  analysis  of  mineral  waters  includes  a  larger  number  of  con-  244 
stituents.    The  following  are  the  principal  of  the  additional  sub- 
stances to  be  looked  for : —  i,  x 

Ciesia,  rubidia,  oxide  of  thallium,  lithia,  baryta, 
strontia,  alumina,   oxide  of  manganese,   boric  acid 
titanic  acid,  bromine,  iodine,  fluorine,  sulphuretted 
hydrogen  (hyposulphurous acid),*  crenic  acid,  and  apocrenic 
acid  (formic  acid,  propionic  acid,  &c.,  nitrogen  gas,  oxygen  gas, 

and  marsh  gas).*  , 

The  analyst  has  moreover  to  examine  the  muddy  ochreous  or 
hard  sinter-deposits  of  the  spring,  or  the  residue  left  on  evapo- 
rating very  large  quantities  of  water,  for  arsenious  acid, 
arsenic  acid,  teroxide  of  antimony,  oxide  of  copper, 
oxide  of  lead,  oxide  of  zinc,  protoxide  of  cobalt, 
protoxide  of  nickel,  and  the  oxides  of  other  heavy  metals. 
The  greatest  care  is  required  in  this  examination,  to  ascertain 
whether  these  oxides  come  really  from  the  water,  and  do  not 
perhaps  proceed  from  metal  pipes,  stopcocks,  &c.t  The  absolute 
purity  of  the  reagents  employed  in  these  delicate  investigations 
must  also  be  ascertained  with  the  greatest  care. 

II.  Examination  of  the  Water. 
k  a.  Operations  at  the  Spring. 

I  §  212. 

I  1  If  not  perfectly  clear,  the  water  is  filtered  through  washed  245 
filter-paper  (p.  7)  into  large  bottles  with  glass  stoppers.  The 
sediment  remaining  on  the  filter,  which  possibly  contains,  besides 
the  flocculent  matter  suspended  in  the  water,  also  those  constituents 
which  separate  at  once  on  coming  in  contact  with  the  air  (hydrated 
ferric  oxide,  and  compounds  of  ferric  oxide  with  phosphoric  acid, 
sUicic  acid,  arsenic  acid),  is  taken  to  the  laboratory,  to  be  examined 
afterwards  according  to  §  214. 

2.  The  presence  of  free  carbonic  acid  is  usually  sufficiently  246 
visible  to  the  eye.   For  additional  evidence,  the  water  may  be  tested 
with  freshly  prepared  solution  of  litmus  and  with  lime  water.  If 
carbonic  acid  be  present,  the  former  will  change  to  a  wine-red 
colour ;  the  latter  produces  turbidity,  which  should  disappear  again 

on  adding  the  mineral  water  in  excess. 

3.  Free  sulphuretted  hydrogen  is  most  readily  detectecj  247 

*  ReBpecting  the  constituents  in  brackets,  the  student  is  referred  to  the 
corresponding  chapter  in  the  Quantitative  Analysis  (sixth  edition),  §  206  e«  seq., 
as  the  detection  of  these  substances  generally  comprises  also  their  quantitative 

estimation,_^  as  in  other  subjects  connected  with  the  analysis  of  mineral  matters 
the  student  is  referred  to  the  author's  numerous  analyses  of  mineral  waters  as 
noted  on  pp.  178-179  of  the  Quantitative  Analysis  (sixth  edition). 
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by  the  smell.  For  this  purpose,  a  bottle  is  half  filled  with  the 
mineral  water,  covered  with  the  hand,  shaken,  and  the  contents 
smelt.  In  this  way,  distinct  traces  of  sulphuretted  hydrogen  are 
often  found  which  would  escape  detection  by  reagents.  To  test  for 
it,  a  large  white  bottle  is  filled  with  the  water,  a  few  drops  of 
solution  of  acetate  of  lead  in  soda  added,  and  the  bottle  placed  on 
a  white  surface ;  on  looking  in  at  the  top,  it  can  be  readily  seen 
whether  the  water  has  acquired  a  brownish  colour  or  whether  a 
blackish  precipitate  is  formed.  Another  method  of  testing,  which 
is  also  very  delicate,  depends  on  the  formation  of  methylene  blue, 
and  is  conducted  as  follows  : — Fuming  hydrochloric  acid  equal  to  -/^ 
of  the  volume  of  the  water  to  be  examined  is  first  added,  and  then 
a  small  crystal  of  sulphide  of  paramidodimethylaniHne ;  as  soon  as 
this  is  dissolved,  1  to  2  drops  of  a  dilute  solution  of  ferric  chloride 
are  added.  If  sulphuretted  hydrogen  is  present,  the  water  (which 
otherwise  is  of  a  clear  red  colour)  becomes  pure  blue  after  a  time 
(H.  Caro,  E.  Fischer). 

The  formation  of  lead  sulphide  or  of  methylene  blue  is  ca-used 
by  alkaline  sulphides  as  well  as  by  free  sulphuretted  hydrogen ; 
if,  therefore,  the  alkaline  properties  of  the  water  render  the  presence 
of  the  former  probable,  and  the  odour  does  not  clearly  indicate  the 
presence  of  sulphuretted  hydrogen,  its  presence  may  be  detected 
by  the  following  method : — A  large  bottle  is  haK  filled  with  the 
water  and  closed  with  a  cork  to  which  is  attached  a  shp  of  paper 
previously  saturated  with  solution  of  acetate  of  lead  and  then 
moistened  with  carbonate  of  ammonia ;  the  bottle  is  shaken  gently 
from  time  to  time,  and  it  is  noted  whether  the  paper  acquires  a 
brownish  tint  in  the  course  of  a  few  hours. 

4.  A  sample  of  the  water  is  mixed  with  some  tannic  acid,  and  248 
another  with  some  galUc  acid;  if  the  former  imparts  a  red-violet, 
the  latter  a  blue-violet  colour,  ferrous  oxide  is  present.  Instead 

of  the  two  acids,  infusion  of  galls  may  be  employed,  as  it  contains 
them  both.  The  coloration  makes  its  appearance  only  after  some 
time,  and  increases  in  intensity  from  the  top — where  the  air  acts 
on  the  solution — downwards. 

5.  Nitrous   acid  and   fetid   organic   substances   are 249 
tested  for  according  to  241  and  242-    If  the  water  contains  sul- 
phuretted hydrogen,  it  must  be  removed  before  testing  for  nitrous 
acid,  by  adding  some  freshly  precipitated  and  well- washed  carbonate 

of  lead,  and  filtering. 

h.  Operations  in  the  Laboratory. 
§  213. 

As  it  is  always  desirable  to  obtain,  even  in  a  quahtative 
examination,  some  information  as  to  the  proportions  in  Avhich  the 
several  constituents  are  present,  it  is  advisable  to  analyse  a  com- 
paratively small  portion  for  the  principal  constituents,  and  to 
ascertain,  as  far  as  may  be  practicable,  the  way  in  which  these 
constituents  are  combined,  and  thus  to  determine  the  character  of 
the  water;  then  to  examine  a  far  larger  portion  for  the  consti- 
tuents which  are  present  in  small  quantity;  and  finally  a  very 
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large  portion  or  the  sinter  for  those  constituents  which  are  present 
merely  in  traces.    For  this  purpose  proceed  as  follows : — 

1.  Examination  for  those  Constituents  which,  are  present 

in  Large  Quantities. 

a.  About  1-5  litre  of  the  clear  water,  or  of  the  water  filtered  250 
at  the  spring,  is  boiled  for  an  hour  in  a  porcelain  dish  (a  flask  is  less 
suitable),  taking  care,  however,  to  add  from  time  to  time  some 
distilled  water,  so  that  the  quantity  of  Uquid  may  remain  un- 
diminished, and  that  only  those  salts  may  be  thrown  down  by  the 
boiling  which  were  kept  in  solution  by  the  carbonic  acid  present. 
It  is  then  filtered,  and  the  precipitate  and  the  filtrate  examined  as 
directed  §  210. 

h.  Ammonia,  organic  matters,  &c.,  are  also  tested  for  by 
the  methods  given  in  §  210, 

If  from  any  cause  the  water  is  not  fit  to  be  tested  directly  for 
ammonia  according  to  240?  it  should  be  distilled  with  addition  of 
some  freshly  boiled  potassa  or  soda  solution,  and  the  distillate 
examined.  It  should  be  specially  noted  that  the  Nessler  reaction 
for  ammonia  cannot  be  employed  if  the  solution  contains  free 
carbonic  acid,  acid  carbonates,  or  sulphides  of  the  alkali  metals 
(see  p.  91). 

2.  Examination  for  those  Fixed  Constituents  which,  are 

present  in  Minute  Quantities. 

A  large  quantity  of  the  water  (at  least  10  litres)  is  evaporated  251 
in  a  silver  or  porcelain  dish  to  dryness,  in  a  place  as  free  as  possible 
from  dust,  and  with  the  most  scrupulous  cleanhness.  If  the  water 
contains  no  carbonate  of  an  alkali,  pure  carbonate  of  potassa  is 
added  in  shght  excess.  The  evaporation  may  be  conducted  at  first 
over  a  gas-lamp,  but  ultimately  the  sand-bath  must  be  employed. 
The  dry  mass  is  heated  to  very  faint  redness :  if  it  has  been  evapo- 
rated in  a  sUver  dish,  it  can  be  ignited  in  that ;  but  if  a  porcelain 
dish  has  been  employed,  the  residue  must  be  transferred  to  a 
silver  or  platinum  vessel  before  igniting.  If  the  mass  turns  black 
during  the  heating,  organic  matters  may  be  assumed  to  be 
present.* 

The  residue  is  thoroughly  mixed,  and  divided  into  three  portions, 
a  and  h  being  each  about  a  quarter,  and  c  one  half. 

a.  Examination  for  phosphoric  acid. 

The  portion  a  is  warmed  with  water,  pure  hydrochloric  252 
acid  added  in  sufficient  excess,  the  whole  evaporated  on  the 
water-bath  to  dryness,  and  the  residue  warmed  with  hydro- 
chloric acid ;  it  is  then  diluted  shghtly,  filtered  through  paper 
which  has  been  washed  with  hydrochloric  acid  and  water, 

*  This  inference  is,  however,  correct  only  if  the  water  has  been  effectually 
protected  from  dust  during  evaporation  ;  if  this  has  not  been  done,  and  it  is  desired 
to  ascertain  beyond  doubt  whether  organic  matters  are  present,  a  separate  portion 
of  the  water  must  be  evaporated  in  a  retort.  If  organic  matter  is  found,  and  it 
18  necessary  to  determine  whether  it  consists  of  crenic  acid  or  of  apocrenic  acid  a 
portion  of  the  residue  is  treated  as  directed  in  §  214,  3.  * 
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evaporated  with  repeated  addition  of  nitric  acid  to  a  small 
residue,  and  finally  tested  for  phosphoric  acid  with  a  nitric 
acid  solution  of  molybdate  of  ammonia  (§  142,  10). 

h.  Examination  for  fluorine. 

The  portion  b  is  heated  with  water,  and  chloride  of  calcium  253 
added  as  long  as  a  precipitate  continues  to  form ;  this,  which 
consists  chiefly  of  carbonates  of  lime  and  magnesia,  is  allowed 
to  settle,  and  then  collected  on  a  filter,  washed,  dried,  and 
ignited.  It  is  now  treated  with  water  in  a  small  dLsh,  acetic 
acid  added  in  slight  excess,  the  mixture  evaporated  to  dryness 
on  the  water-bath,  keeping  the  dish  on  the  bath  until  all 
smell  of  acetic  acid  has  disappeared ;  water  is  added,  the  mix- 
ture heated,  the  solution  of  the  acetates  of  the  alkaline  earths 
filtered  ofi",  and  the  residue  washed,  dried,  or  ignited,  and 
tested  for  fluorine  as  directed  in  §  146,  5. 

c.  Examination  for  the  remaining  fixed  constitu- 
ents present  in  minute  quantities. 

The  portion  c  is  boiled  repeatedly  with  water,  filtered,  and  254: 
the  undissolved  residue  washed  with  boiling  water.    In  this 
way  a  residue  (a),  and  a  solution  (/3)  are  obtained. 

a.  The  residue  consists  chiefly  of  carbonate  of  Kme,  car- 
bonate of  magnesia,  siHcic  acid,  and — in  the  case  of  chaly- 
beate springs — hydrated  ferric  oxide.  It  may  also  contain 
minute  quantities  of  baryta,  strontia,  alumina,  oxide 
of  manganese,  and  titanic  acid,  and  must  accordingly 
be  examined  for  these. 

It  is  treated  with  water  in  a  platinum  or  porcelain  dish, 
hydrochloric  acid  added  in  shght  excess,  then  4  or  5  drops 
of  dilute  sulphuric  acid,  and  the  whole  evaporated  to  dryness 
on  the  water-bath ;  the  residue  is  moistened  with  a  little 
hydrochloric  acid,  water  added,  the  mixture  warmed  gently, 
filtered,  and  washed. 

aa.  Examination  of  the  residue  insoluble  in  255 
hydrochloric  acid.  This  will  consist  mostly  of  sihcic 
acid ;  but  it  may  contain  also  sulphates  of  the  alkaline 
earths,  titanic  acid,  and  carbon.  It  is  heated  in  a  plati- 
num dish  repeatedly  with  hydrofluoric  acid  or  fluoride  of 
ammonium  with  addition  of  sulphuric  acid,  until  all  the 
silicic  acid  is  expelled.  It  is  finally  evaporated  to  dry- 
ness, the  residue  (if  any)  fused  with  bisulphate  of  potassa, 
the  melt  treated  with  cold  water,  filtered,  and  the  solu- 
tion tested  for  titanic  acid  by  protracted  boiling.  If 
any  residue  is  left  on  treating  the  melt  with  water,  it 
must  be  washed  and  the  filter  incinerated.  If  a  spectro- 
scope is  to  hand,  the  ash  is  taken  up  on  the  loop  of  a 
platinum  wire,  exposed  for  some  time  to  the  reducing 
flame,  moistened  with  hydrocliloric  acid,  and  examined 
spectroscopically  for  baryta.  Strontia  will  not  be  found 
here,  or  only  in  traces.  When  a  spectroscope  is  not  to 
hand,  the  ash  must  be  set  aside  for  subsequent  examina- 
tion. 
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55,  Examination  of  the  hydrochloric  acid  256- 
solution.  This  is  mixed  in  a  flask  with  pure  chloride  of 
ammonium,  ammonia  added  until  the  liquid  is  just  alka- 
line, then  sulphide  of  ammonium  free  from  ammonia ; 
the  flask,  filled  to  the  neck,  is  closed,  and  aUowed  to  re- 
main for  twenty-four  hours  in  a  moderately  warm  place. 
If,  at  the  end  of  that  time,  a  precipitate  has  formed,  it  is 
filtered  off,  dissolved  in  hydrochloric  acid,  boiled,  and 
potassa  added  (§  34,  c)  in  excess ;  the  solution  is  boiled 
again,  filtered,  and  the  filtrate  tested  for  alumina  by 
acidifying  with  hydrochloric  acid  and  heating  with  am- 
monia.* The  residue  is  divided  into  two  parts,  of  which 
one  is  tested  for  manganese  with  carbonate  of  soda 
before  the  blowpipe,  the  other  for  iron  by  dissolving  it 
in  hydrochloric  acid  and  adding  svilphocyanate  or  ferro- 
cyanide  of  potassium. 

The  filtrate  from  the  sulphide  of  ammonium  precipitate 
may  contain  traces  of  manganese  and  bartya,  and  will 
contain  all  or  nearly  all  the  strontia.  This  solution  is 
first  of  all  acidified  with  hydrochloric  acid,  concentrated 
by  evaporation,  and  any  sulphur  which  may  have  been 
precipitated  is  filtered  off;  bromine  water  and  a  slight 
excess  of  ammonia  are  then  added,  and  the  solution 
heated.  If  after  this  treatment  a  slight  brown  preci- 
pitate is  formed,  this  is  caused  by  a  trace  of  manganese, 
which  has  not  been  precipitated  by  the  ammonium  sul- 
phide. The  solution  is  then  filtered,  ammonia  and  car- 
bonate of  ammonia  added  to  the  filtrate,  and  after 
some  time  the  precipitate  is  collected,  washed,  dried, 
and  examined  by  Engelbach's  method,  described  on 
p.  102.  If  a  spectroscope  is  to  hand,  the  aqueous  extract 
obtained  by  boiling  the  ignited  precipitate  is  evaporated 
to  dryness  with  hydrochloric  acid,  and  the  residue  ex- 
amined spectroscopically  for  strontia  and  any  traces  of 
baryta  which  may  be  present.  If  a  spectroscope  is  not 
■  available,  the  solution  obtained  by  boiling  the  ignited 
residue  with  water  is  evaporated  nearly  to  dryness  with 
sulphate  of  ammonia,  the  residue  boiled  with  a  saturated 
solution  of  sulphate  of  ammonia,  filtered,  and  the  pre- 
cipitate washed,  dried,  and  incinerated;  the  residue  set 
aside  in  255  is  added  to  it,  and  the  whole  fused  with 
carbonate  of  soda,  treated  with  water,  washed,  and  the 
residue  dissolved  in  hydrochloric  acid  and  tested  for 
baryta  and  strontia  according  to  §  99. 

^.  The  alkaline  solution  contains  the  salts  of  the  alkaHes,  257 
and  usually  also  magnesia  and  traces  of  lime.    It  has  now 
to  be  examined  for  nitric  acid,t  boric  acid,  iodine, 

*  There  is  no  use  in  testing  for  alumina  unless  the  evaporation  has  been 
effected  in  a  platinum  or  silver  dish. 

t  The  nitric  acid  originally  present  may  have  been  destroyed  by  the  ignition 
of  the  residue  in  261,  if  the  latter  contained  organic  matter.  If  it  is  suspected 
that  such  is  the  case,  and  nitric  acid  has  not  been  already  found  in  250,  a  larger 
portion  of  the  non-ignited  residue  is  examined,  according  to  258. 
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bromine,  and  litliia.  It  is  evaporated  until  i;ery  concen- 
trated, allowed  to  cool,  and  the  dish  placed  in  a  slanting 
position,  so  that  the  small  quantity  of  liquid  may  separate 
from  the  saline  mass ;  a  few  drops  of  the  concentrated  solu- 
tion are  transferred  to  a  watch-glass  by  means  of  a  glass 
rod,  rendered  just  acid  with  hydrochloric  acid,  and  tested 
•with  turmeric-paper  for  boric  acid  (§  144,  6).  The  con- 
tents of  the  dish  are  now  evaporated  completely  to  dryness 
with  stirring,  and  the  residuary  powder  divided  into  two 
portions,  aa  being  about  two-thirds  and  hh  one-third. 

aa.  The  larger  portion  is  tested  for  nitric  258 
acid,  iodine,  and  bromine. 

The  residue  is  powdered,  boiled  thrice  with  alcohol  of 
90  per  cent,  in  a  flask  heated  on  a  water-bath,  and  each 
time  filtered  hot.  After  a  few  drops  of  potassa  have  been 
added  to  the  alcoholic  extract,  the  alcohol  is  distilled  off 
almost  entirely,  and  the  residue  allowed  to  cool.  If 
minute  crystals  separate,  these  may  consist  of  nitrate 
of  potassa;  the  liquid  is  poured  off  from  them,  the 
crystals  washed  with  a  little  spirit,  dissolved  in  a  very 
little  water,  and  the  solution  tested  for  nitric  acid, 
■with  diphenylamine,  brucine,  or  indigo  (§  159).  The 
alcoholic  solution  is  now  evaporated  completely  to  dry- 
ness. If  nitric  acid  has  not  yet  been  found,  a  small  por- 
tion of  the  residue  is  dissolved  in  a  very  little  water,  and 
the  solution  tested  for  the  acid.  The  remainder  or,  as 
the  case  may  be,  the  whole  of  the  residue  is  treated  thi-ee 
times  with  warm  alcohol,  filtered,  and  the  filtrate  evapo- 
rated to  dryness  with  addition  of  a  drop  of  potassa  ;  the 
residue  is  then  dissolved  in  a  very  little  water,  acidified 
slightly  with  sulphuric  acid,  some  pure  bisulphide  of 
carbon  added,  and  then  tested  for  iodine  by  a  drop  of 
solution  of  nitrous  acid  in  sulphuric  acid,  or  a  very  small 
quantity  of  a  solution  of  nitrite  of  potassa.  After  the 
mixture  has  been  shaken,  and  it  has  been  carefully 
noted  whether  the  bisulphide  of  carbon  is  coloured  violet 
or  reddish,  indicating  the  presence  of  iodine,  the  same 
liquid  is  tested  for  bromine  by  the  careful  addition  of 
chlorine  water  as  in  §  157. 

hi).  The  smaller  portion  is  tested  for  lithia.  259 
I'or  this  purpose,  the  smaller  portion  of  the  residue,  which, 
if  lithia  be  present,  will  contain  it  as  carbonate  or  phos- 
phate, is  warmed  with  water,  hydrochloric  acid  added  until 
the  reaction  is  distinctly  acid,  the  whole  evaporated  nearly 
to  dryness,  and  then  mixed  with  pure  alcohol  of  90  per 
cent.,  which  will  separate  the  greater  portion  of  the 
sodium  and  potassium  compounds,  leaving  all  the  lithia 
in  solution.  The  alcohol  is  removed  by  evaporation,  and, 
if  a  spectroscope  is  to  hand,  the  residue  is  tested  for 
lithia  by  its  means  (§93, 3).  If  a  spectroscope  is  not 
available,  the  residue  is  dissolved  in  water  and  a  few  drops 
of  hydrochloric  acid,  a  little  ferric  chloride  added,  and 
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then  suflacient  milk  of  lime  to  render  the  solution  strongly 
alkaline ;  the  mixture  is  boiled,  filtered,  and  the  filtrate 
precipitated  with  oxalate  of  ammonia;  the  solution  is 
then  filtered,  and  the  filtrate,  which  is  now  free  from 
phosphoric  acid  and  alkaline  earths,  is  evaporated  to  dry- 
ness and  gently  ignited  untU  the  salts  of  ammonia  are 
expelled ;  the  residue,  to  which  a  few  drops  of  hydro- 
chloric acid  have  been  added,  is  treated  with  a  mixture 
of  absolute  alcohol  and  dry  ether,  filtered,  the  filtrate 
concentrated  by  evaporation,  and  the  alcohol  set  on  fire ; 
if  it  burns  with  a  carmine  flame,  lit  hi  a  is  present.  By 
way  of  confirmation,  the  lithia  is  converted  into  phos- 
phate. The  residue  left  on  evaporating  the  substance 
with  phosphate  of  soda  and  caustic  soda,  and  treating 
the  product  with  ammonia  and  water,  cannot,  however, 
be  considered  as  phosphate  of  lithia  until  it  has  been 
examined  to  ascertain  whether  it  exhibits  the  character- 
istic properties  of  that  substance  (§  93,  3). 

3,  Examination  for  those  Constituents  whicli  are  present 
in  Very  Minute  Quantities. 

Prom  100  to  150  litres  of  the  water  is  evaporated  in  a  large  260 
perfectly  clean  iron  pot  until  the  salts  soluble  in  water  begia  to 
separate.  If  the  mineral  water  contains  no  carbonate  of  soda, 
suflELcient  of  it  is  added  to  render  the  liquid  distinctly  alkaline. 
After  evaporation,  the  solution  is  filtered  and  the  precipitate 
washed,  but  the  washings  are  not  added  to  the  filtrate. 

a.  The  precipitate  is  examined  by  the  method  given  in 
§  214  for  siater-deposits ; 

6.  Hydrochloric  acid  is  added  to  the  solution  to  acid  re- 
action ;  it  is  then  heated,  and  the  sulphuric  acid  which  may 
be  present  is  carefully  precipitated  with  chloride  of  barium ; 
the  solution  is  filtered,  the  filtrate  evaporated  to  dryness,  the 
residue  digested  with  alcohol  of  90  per  cent.,  and  the  solution 
examined  for  ctesium  and  rubidium  according  to  §  93,  last 
paragraph,  pp.  92-93.  The  residue  insoluble  in  alcohol  is  dis- 
solved in  water  and  ammonia,  then  added  to  the  hot  concen- 
trated solution  in  slight  excess ;  if  a  precipitate  is  formed, 
this  is  removed  by  filtration,  and  iodide  of  potassium  added  to 
the  hot  solution  containing  but  little  free  ammonia.  If  a 
precipitate  is  formed  either  immediately  or  after  a  time,  it  is 
tested  spectroscopically  for  thallium  (§  113,  h). 

II.  Examination  of  the  Sinter-Deposit. 

§214. 

1.  The  deposit  is  freed  from  impurities  by  picking,  sifting,  261 
elutriation,  <&c.,  and  from  the  soluble  salts  adhering  to  it,  by  wash- 
ing with  water,  and  a  large  quantity  (about  200  grams)  is  digested 
"with  water  and  hydrochloric  acid  (effervescence  indicates  carbonic 
acid),  at  a  very  moderate  heat,  until  all  that  is  soluble  is  com- 
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pletely  dissolved;  it  is  then  diluted,  allowed  to  cool,  filtered,  and 
the  residue  washed. 

a.  Examination  of  the  filtrate. 

a.  The  larger  portion  is  heated  to  70°,  and  sulphuretted  262 
hydrogen  passed  into  it  for  some  time  and  also  during  cool- 
ing ;  it  is  then  allowed  to  remain  in  a  moderately  warm 
place  until  the  odour  of  the  gas  is  almost  gone,  when  it  is 
filtered. 

After  the  precipitate  is  washed  and  dried,  the  greater  part  263 
of  the  free  sulphur  is  removed  by  digesting  and  washing  it 
with  bisulphide  of  carbon ;  it  is  then  warmed  gently  with 
yellow  sulphide  of  potassium,  diluted,  filtered,  washed  with 
water  containing  sulphide  of  potassium,  and  the  filtrate  and 
washings  precipitated  with  hydrochloric  acid.  The  precipitate 
is  allowed  to  settle,  collected,  washed,  dried,  again  extracted 
with  bisulphide  of  carbon,  and  the  residue,  if  any,  together 
with  the  filter,  is  treated  in  a  small  porcelain  dish  with  pure 
red  fuming  nitric  acid ;  the  mixture  is  warmed  until  the 
greater  part  of  the  acid  is  expelled,  excess  of  carbonate  of  soda 
added,  then  a  Httle  nitrate  of  soda,  and  the  mixture  fused ;  the 
melt  is  treated  with  cold  water,  filtered,  washed  with  diluted 
alcohol,  the  aqueous  solution  tested  for  arsenic  acid  by 
121  and  122,  and  the  residue  for  antimony  and  tin 
by  dissolving  it  in  dilute  hydrochloric  acid  and  treating 
the  solution  in  a  platinum  capsule  with  zinc  free  from 
lead  (123). 

If  there  is  a  residue  on  treating  the  sulphuretted  hydro-  264 
gen  precipitate  with  sulphide  of  potassium,  it  must  be 
washed,  removed  from  the  filter  by  a  jet  of  water,  and 
boiled  with  a  small  quantity  of  dilute  nitric  acid ;  the  mix- 
ture is  filtered,  washed,  and  what  remains  on  the  filter  is 
treated  with  a  hot  solution  of  acetate  of  ammonia  so  as  not 
to  miss  sulphate  of  lead  which  may  possibly  be  present.  The 
filtrate  is  tested  for  lead  with  sulphuretted  hydrogen,  whilst 
the  residue  on  the  filter,  if  there  is  any,  is  examined  for 
baryta  and  strontia  according  to  256-  The  nitric  acid 
solution  is  mixed  with  a  little  pure  sulphuric  acid,  evaporated 
to  dryness  on  a  water-bath,  and  tested  according  to  132  for 
lead,  copper,  and  other  metals  of  the  fifth  group  which 
may  be  present. 

A  portion  of  the  filtrate  from  the  sulphuretted  hydrogen  265 
precipitate  is  evaporated  to  dryness  with  excess  of  nitric 
acid  on  a  water-bath,  the  residue  treated  with  nitric  acid 
and  water,  filtered,  and  the  solution  tested  for  phosphoric 
acid  with  molybdic  acid  solution. 

A  second  portion  is  evaporated,  nitric  acid  being  added  at 
the  close  of  the  operation  in  order  to  convert  into  ferric 
chloride,  most  of  the  ferrous  chloride  usually  present ;  a 
slight  excess  of  ammonia  is  then  added,  the  solution 
warmed,  filtered,  and  the  precipitate  washed,  dried,  pow- 
dered, and  ignited  for  some  time  in  a  stream  of  hydrogen 
at  a  sufl&ciently  high  temperature  so  as  to  convert  the  ferric 
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oxide  into  metallic  iron ;  the  residue  is  then  treated  with 
very  dilute  nitric  acid  (1  part  of  nitric  acid  to  30  of  water) 
until  the  iron  is  dissolved.  Any  insoluble  residue  is  fused 
with  acid  sulphate  of  potassa,  the  melt  treated  with  cold 
water,  filtered,  and  the  filtrate  boiled  for  some  time.  If  a 
white  precipitate  is  formed,  it  indicates  the  presence  of 
titanic  acid  (§  104,  8). 

The  remainder  of  the  filtrate  from  the  sulphuretted 
hydi"ogen  precipitate  is  transferred  to  a  flask,  chloride  of 
ammonium  added,  then  ammonia  until  the  liquid  is  just 
alkahne,  and  lastly  sulphide  of  ammonium  containing  no 
free  ammonia ;  the  flask,  filled  to  the  neck,  is  tightly  corked 
and  allowed  to  remain  in  a  moderately  warm  place  until  the 
fiupernatant  fluid  is  yellow  without  a  shade  of  green,  the 
precipitate  is  then  collected  and  washed  with  water  contain- 
ing sulphide  of  ammonium,  treated  with  dilute  hydrochloric 
acid^and  examiinedfor  cobalt,  nickel,  iron,  manganese, 
zinc,  alumina,  and  silica  according  to  152-160- 

Carbonate  and  oxalate  of  ammonia  are  added  to  the 
filtrate  from  the  sulphide  of  ammonium  precipitate,  to  throw 
•down  the  lime  and  strontia  and  any  baryta  which  may 
be  present ;  the  precipitate  is  tested  for  strontia  and  baryta 
by  E  n g  e  1  b  a  c  h ' s  method  (p.  1 02 ).  Lastly,  the  filtrate  from 
the  lime  precipitate  is  tested  for  magnesia. 

jS.  A  portion  of  the  hydrochloric  acid  solution  is  con- 
siderably diluted,  chloride  of  barium  added,  and  the  mixture 
allowed  to  remain  for  twelve  hours  in  a  warm  place ;  a 
white  ;|)recipitate  indicates  sulphuric  acid. 

J.  Examination  of  the  residue. 

This  usually  consists  of  sand,  hydrated  silicic  acid,  clay,  266 
and  organic  matters ;  it  may  also  contain  sulphur  if  the 
water  is  hepatic,  and  sulphates  of  baryta  and  strontia.  The 
residue  is  boiled  with  a  solution  of  carbonate  of  soda  and 
caustic  soda, to  dissolve  and  remove  the  hydrated  silicic 
acid  and  sulphur,  collected,  well  washed,  and  treated  on  the 
filter  with  dilute  hydrochloric  acid  to  dissolve  the  baryta  and 
strontia  and  leave  the  clay  and  sand.  The  hydrochloric 
acid  solution  is  tested  for  baryta  and  strontia  according 
to  256.  ^ 

2.  To  test  for  fluorine,  it  is  best  to  take  a  separate  portion  of  267 
the  deposit ;  this,  if  there  is  not  too  much  carbonate  of  lime  pre- 
sent,_  is  mixed  with  about  half  its  weight  of  pure  hydrate  of  lime, 
and  ignited  (blackening  indicates  organic  matter) ;  water  is  added' 
and  then  acetic  acid  in  excess,  the  whole  evaporated  until  the 
excess  of  acid  is  expelled,  and  the  residue  examined  as  directed 

in  253. 

3.  The  deposit  is  boiled  for  a  considerable  time  with  concen-  268 
trated  potash  or  soda,  and  filtered. 

a.  A  bortion  of  the  filtrate  is  acidified  with  acetic  acid 
ammonia  added,  the  whole  allowed  to  remain  for  twelve  hours' 
and  then  the  precipitate  of  alumina  and  hydrated  silicic  acid' 
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which  usually  forms,  is  filtered  off.  Acetic  acid  in  excess  is 
again  added  to  the  filtrate,  and  then  solution  of  neutral  acetate 
of  copj)er  j  if  a  brownish  precipitate  is  formed,  this  consists  of 
apocrenate  of  copper.  To  the  filtrate  from  this  precipitate 
carbonate  of  ammonia  is  added  until  the  green  colour  has 
changed  to  blue,  and  the  solution  is  warmed ;  if  a  bluish-green 
precipitate  is  produced,  this  iscrenateof  copper. 

5.  If  arsenic  has  been  found  (263),  the  remainder  of  the 
alkaline  liquid  is  used  to  ascertain  whether  the  arsenic  existed 
in  the  sinter  as  arsenious  acid  or  as  arsenic  acid. 
(Oomp.  §  134,  11.) 

IV.  ANALYSIS  OF  SOILS. 
§  215. 

Soils  must  necessarily  contain  all  the  constituents  which  are 
found  in  the  plants  growing  upon  them,  with  the  exception  of  such 
as  are  derived  from  the  atmosphere  and  the  rain.  When  we  find, 
therefore,  a  plant,  the  constituents  of  which  are  known,  growing  in 
a  certain  soil — a  bare  rock,  for  example — the  mere  fact  of  its  grow- 
ing there  gives  us  some  insight  into  the  composition  of  that  soil, 
and  may  accordingly  save  us,  to  some  extent,  the  trouble  of  a 
qualitative  analysis. 

Viewed  in  this  light,  it  would  appear  quite  superfluous  to  make 
a  qualitative  analysis  of  soils  still  capable  of  producing  plants,  as 
the  ashes  of  plants  almost  invariably  contain  the  same  constituents, 
the  differences  between  them  being  caused  principally  by  differ- 
ences in  the  relative  proportions  in  which  the  several  constituents 
are  present.  But  if,  in  the  qualitative  analysis  of  a  soil,  regard  is 
had  also  to  the  proportions  of  the  constituents,  and  to  the  state  in 
which  they  are  present,  an  analysis  of  the  kind,  if  combined  with 
an  examination  of  the  physical  properties  of  the  soil,  and  a 
mechanical  separation  of  its  parts,*  may  give  most  useful  results, 
enabling  the  analyst  to  judge  sufficiently  of  the  condition  of  the 
soil  to  supersede  the  necessity  of  a  quantitative  analysis,  which 
would  require  much  time,  and  is  a  far  more  difficult  task. 

As  plants  can  only  absorb  substances  in  a  state  of  solution,  it  is 
a  matter  of  especial  importance,  in  the  qualitative  analysis  of  a  soil, 
to  know  which  constituents  are  soluble  in  pure  water;  t  which  require 

*  With  regard  to  the  mechanical  separation  of  the  component  parts  of  a  soil, 
and  the  examination  of  its  physical  properties  and  chemical  condition,  compare 
r.  Schulze,  Jour.  pr.  Chem.,  47,  241  ;  also  the  Quantitative  Analysis  (fifth 
edition),  §  263,  and  E.  Wolff,  Zeit.  anal.  Chem.,  3,  85;  also  WolS's  Anleituvf/ 
zur  chem.  UntersucJiung  landwirihschaftlicJi  wichtigcr  Stoffc,  third  edition  (Berlin, 
1875) and  W.  Knop,  Zeit.  anal.  Chem.,  13,  88. 

+  It  was  formerly  universally  assumed  that  suhstances  soluhle  in  water,  or  in 
water  containing  carbonic  acid,  circulated  freely  in  the  soil  so  long  as  there  existed 
agents  for  their  solution ;  but  since  it  has  been  discovered  that  arable  soil  pos- 
sesses, like  charcoal,  the  property  of  withdrawing  from  dilute  solutions  the  com- 
pounds dissolved  in  them,  this  notion  is  exploded,  and  we  now  know  that  arable  soil 
will  retain  with  a  certain  force  substances  otherwise  soluble — from  which  we  con- 
clude that  the  aqueous  extract  of  a  soil  cannot  be  expected  to  contain  the  whole  of 
the  substances  present  in  that  soil  in  a  state  immediately  available  for  the  plant. 
Least  of  all  can  we  expect  to  find  these  matters  in  the  aqueous  extract  in  the  same 
proportion  in  which  they  are  present  in  the  soil,  since  the  latter  will  readily  give 
up  to  water  those  substances  in  regard  to  which  its  power  of  absorption  has  been 
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an  acid  for  their  solution  (in  ncature  principally  carbonic  acid) ; 
and,  finally,  which  are  insoluble  both  in  water  and  in  acids,  and, 
consequently,  are  not  in  a  position  for  the  time  being  to  alford 
nutriment  to  the  plant.  With  regard  to  the  insoluble  substances, 
another  interesting  point  is  to  ascertain  whether  they  sufi'er  dis- 
integration readily,  or  slowly  and  with  difficulty,  or  whether  they 
altogether  resist  the  action  of  disintegrating  agents;  and  also 
what  are  the  products  which  they  yield  when  disintegrated. 

In  the  analysis  of  soils,  therefore,  the  constituents  soluble  in 
water,  those  soluble  in  acids,  and  the  insoluble  constituents,  must 
be  examined  separately.  The  examination  of  the  organic  matters 
present  also  demands  a  separate  process. 

The  analysis  is  therefore  properly  divided  into  four  parts. 


1.  Preparation  and  Examination  of  the  Aqueous  Extract. 

§  216. 

About  1000  grams  of  the  air-dried  soil  is  used  for  this  pur-  269 
pose.  To  prepare  a  clear  aqueous  extract  is  somewhat  difficult  if, 
in  the  usual  way,  the  earth  is  digested  or  boiled  with  water,  and 
then  filtered,  the  fine  particles  of  clay  impeding  the  operation  by 
choking  up  the  pores  of  the  filter ;  they  also  almost  invariably  ren- 
der the  filtrate  turbid,  at  least  the  portion  which  passes  through 
first.  The  following  method,  proposed  by  E.  Schulze  (see  note,*" 
p.  352),  is  the  most  practical : — The  necks  of  several  middle-sized 
funnels  are  closed  with  small  filters  of  strong  filter-paper ;  these 
are  moistened,  and  the  paper  pressed  close  to  the  sides  of  the 
funnel ;  the  air-dried  soil  is  then  introduced,  in  small  kxmps 
ranging  from  the  size  of  a  pea  to  that  of  a  walnut,  but  not  pul- 
verized, or  even  crushed,  filling  the  funnels  about  two-thirds. 
Distilled  water  is  now  poured  in  in  quantity  sufficient  to  cover  the 
soil ;  if  the  fii-st  portion  of  the  filtrate  is  turbid,  it  must  be  poured 
back  into  the  funnel,  and  the  filtration  allowed  to  proceed  quietly ; 
the  funnels  are  again  filled  with  water,  and  this  process  of  extrac- 
tion is  continued  until  the  filtrates  weigh  twice  or  three  times  as 
much  as  the  soil  used  (2—3  litres).  The  several  filtrates  are  mixed 
in  one  vessel,  and  a  portion  of  the  washed  soil  is  kept. 

The  aqueous  solution  is  divided  into  two  parts,  1  (about  two- 
thirds)  and  2  (about  one-third). 

1.  The  larger  portion  is  evaporated  in  a  porcelain  dish  to  a 
small  bulk,  and  tested  as  follows  : — 

a.  A  portion  is  filtered,  and  the  reaction  of  the  filtrate  270 
tested ;  a  part  is  set  aside  to  test  for  organic  matter  (280), 
and  the  rest  is  warmed  and  nitric  acid  added  ;  effervescence 
indicates  an  alkaline  carbonate;  the  acid  solution  is 
then  tested  for  chlorine  with  nitrate  of  silver. 

satisfied,  whilst  it  will  more  or  less  strongly  retain  others.  But  although,  for  this 
reason,  the  examination  of  the  aqueous  extract  of  a  soil  has  no  longer  the  same 
value  as  it  was  formerly  considered  to  have,  yet  it  is  still  useful  to  ascertain  what 
substances  a  soil  will  actually  give  up  to  water.  It  is  for  this  reason  that  the  section 
on  the  preparation  and  examination  of  the  aqueous  extract  has  been  retained 
QUAL. 
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h.  The  rest  of  the  concentrated  solution  from  1,  together  271 
with  the  precipitcate  which  it  usually  contains,  is  transferred 
to  a  small  dish,  preferably  of  platinum,  evaporated  to  dryness, 
and  the  brownish  residue  cautiously  heated  until  the  organic 
matter  is  destroyed.  In  the  presence  of  nitrates,  a  slight 
deflagration  will  be  perceptible.  The  gently  ignited  residue  is 
examined  as  follows  : — 

a.  A  small  portion  is  mixed  with  carbonate  of  soda,  and 
tested  for  manganese  in  the  oxidizing  flame  (§  107,  13). 

/3.  The  rest  is  warmed  with  water,  hydrochloric  acid 
added  (eifervescence  indicates  carbonic  acid),  the  whole 
evaporated  to  dryness  to  separate  silicic  acid,  then  moistened 
with  hydrochloric  acid,  water  added,  and  the  mixture  warmed 
■and  filtered. 

aa.  The  residue,  which  generally  contains  a  httle 
carbon,  a  little  clay  (if  the  aqueous  extract  wa?  not 
clear),  and  also  silicic  acid,  is  washed,  and  the  sihcic 
acid  tested  for  by  piercing  the  filter,  washing  the  residue 
through,  boiling  it  with  caustic  soda,  filtering,  saturating 
with  hydrochloric  acid,  evaporating  to  dryness,  and  finally 
taking  up  the  residue  with  water,  when  the  siUcic  acid 
will  be  left  behind. 

hh.  A  part  of  the  hydrochloric  acid  solution  is  tested 
for  sulphuric  acid  with  chloride  of  barium;  and  a 
second  portion  is  evaporated  with  nitric  acid  and  tested 
for  phosphoric  acid  by  the  nitric  acid  solution  of 
molybdate  of  ammonia.  A  third  portion  is  tested  for 
iron  with  sulphocyanate  of  potassium,  whilst  a  few  drops 
of  ferric  chloride  are  added  to  the  remainder  (to  remove 
phosphoric  acid),  then  ammonia  until  slightly  alkahne, 
the  whole  warmed  a  little,  filtered,  the  lime  thi'own  down 
with  oxalate  of  ammonia,  and  the  solution  examined  for 
magnesia,  potassa,  and  soda  in  the  usual  way 
(§§  196,  197).  Lastly  a  small  quantity  of  the  pure 
alkaline  chlorides  should  be  examined  spectroscopically 
for  lithia. 

Alumina  is  not  likely  to  be  found  in  the  aqueous  ex-  272 
tract  (F.  Schulze  never  found  it).  If,  however,  it  is 
desired  to  test  for  it,  the  precipitate  produced  by  am- 
monia is  boiled  with  pure  potassa  in  a  platinum  or  silver 
dish,  filtered,  the  filtrate  acidified  with  hydrochloric  acid, 
and  then  warmed  with  ammonia. 

2.  If  iron  has  been  found,  part  of  the  smaller  portion  (No.  2,  273 
269)  is  acidified  with  hydi'ochloric  acid,  half  of  it  tested  with  ferri- 
cyanide  of  potassium,  and  the  other  half  with  sulphocyanate  of 
potassium,  to  see  in  what  state  of  oxidation  the  iron  is  present. 
The  rest  of  the  aqueous  extract  is  tested  for  nitric  acid, 
ammonia,  and  nitrous  acid  according  to  §  159,  7,  8,  or  10 
(also  p.  341). 
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2.  Preparation  and  Examination  of  the  Acid  Extract. 

§  217. 

About  50  gi-ams  of  the  soil  from  which  the  part  sohible  m  274 
water  has  been  removed  as  far  as  practicable*  is  heated  with 
moderately  strong  hydrochloric  acid  (eifervescence  indicates  car- 
bonic acid)  for  several  hours  on  the  water-bath,  and  filtered. 
The  filtrate,  which  is  generally  yellow  from  the  presence  of  ferric 
chloride,  is  examined  as  follows: — 

1.  A  small  portion  is  tested  with  sulphocyanate  of  potassium  275 
for  ferric  oxide;  another  with  ferricyanide  of  potassium  for 
ferroxis  oxide. 

2.  A  portion  is  evapoi-ated  to  dryness,  the  residue  heated  to  a 
little  above  100°,  then  moistened  with  hydrochloric  acid,  water 
added,  and  the  whole  warmed ;  more  water  is  now  added,  and  the 
silicic  acid  separated  by  filtration ;  this  is  often  coloured,  owing 
to  the  presence  of  organic  matter,  but  becomes  colourless  on  ignition 
in  the  air.  A  portion  of  the  filtrate  is  tested  for  sulphuric 
acid  with  chloride  of  barium,  whilst  the  remainder  is  evaporated  to 
dryness  repeatedly  with  nitric  acid  to  a  small  bulk,  and  the  solu- 
tion tested  for  phosphoric  acid  by  a  solvition  of  molybdate  of 
ammonia  in  nitric  acid. 

3.  A  larger  portion  is  employed  for  the  detection  of  iron,  276 
manganese,  alumina,  lime,  magnesia,  potassa,  and  soda, 

in  the  usual  way,  proceeding  according  to  134  if  there  is  only  a 
small  amount  of  organic  matter  present  in  the  hydrochloric  acid 
solution;  otherwise  the  method  given  in  161  should  be  employed. 

4.  If  it  is  a  matter  of  interest  to  ascertain  whether  the  hydro-  277 
chloric  acid  extract  contains  arsenic  acid,  oxide  of  copper, 

<fec.,  the  remainder  of  the  solution  is  treated  with  sulphuretted 
hydrogen,  &c.,  as  directed  in  262-264- 

'5.  If  it  is  thought  desirable  to  test  for  fluorine,  this  is  best 
done  in  a  fresh  portion  of  the  ignited  earth  according  to  230- 

o.  Examination  of  the  Inorganic  Constituents  Insoluble 

in  Water  and  Acids. 

§  218. 

The  operation  of  heating  the  lixiviated  soil  with  hydrochloric  278 
acid  (274)  always  leaves  the  greater  portion  of  it  undissolved.  If 
it  is  wished  to  submit  this  undissolved  residue  to  a  chemical  exami- 
nation, it  must  be  washed,  dried,  and  sifted,  to  separate  the  stones 
from  the  clay  and  sand,  the  last  two  being  separated  from  each 
other  by  elutriation.  The  several  portions  are  then  examined  by 
the  methods  given  for  silicates  (§  205). 

*  Complete  lixiviation  is  generally  impracticable. 
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4.  Examination  of  the  Organic  Constituents  of  the  Soil. 

§  219. 

The  organic  constituents  of  the  soil,  which  have  such  a  great  279 
influence  on  its  fertility,  both  from,  their  physical  properties  and 
chemical  action,  are  partly  portions  of  plants  in  which  the  structure 
may  still  be  recognized,  such  as  fragments  of  straw,  roots,  seeds  of 
weeds,  &c.,  partly  products  of  the  decomposition  of  vegetable  matter 
visually  called  by  the  general  name  of  humus.  These  differ, 
however,  in  their  constituent  elements  and  properties  according  to 
whether  they  result  from  the  decay  of  the  nitrogenous  or  the  non- 
nitrogenous  parts  of  plants — whether  alkalies  or  alkaline  earths 
have  or  have  not  had  a  share  in  their  formation — whether  they  are 
in  an  incipient  or  in  a  more  advanced  stage  of  decomposition.  To 
separate  these  several  component  parts  of  humus,  which  have  been 
by  no  means  thoroughly  investigated,  and  which  are  not  sharply 
claaracterized,  would  be  an  exceedingly  diflficult  and  unprofitable 
task.  The  following  operations  are  amply  sufiicient  to  answer  all 
the  purposes  of  a  qualitative  analysis. 

a.  Examination  of  the  Organic  Substances  Soluble  in  Water. 

The  portion  of  270  reserved  is  evaporated  on  the  water-bath  280 
completely  to  dryness,  and  the  residue  treated  with  water.  The 
ulmic,  humic,  and  geic  acids,  which  were  present  in  the  solution  in 
combination  with  bases,  remain  undissolved,  whilst  crenic  and 
apocrenic  acids  are  dissolved  in  combination  with  ammonia 
(  Berzelius)  ;  for  the  manner  of  detecting  the  latter  acids  see  268- 

I.  Treatment  witli  Alkaline  Carbonate. 

A  portion  of  the  soil  which  has  been  exhausted  with  water  is  2811 
dried  and  sifted  to  separate  the  fragments  of  straw,  roots,  &c.,  and 
the  small  stones,  from  the  finer  part ;  the  latter  is  digested  for 
several  hours  at  80-90°  with  solution  of  carbonate  of  soda,  and 
filtered ;  the  filtrate  is  then  acidified  with  hydrochloric  acid,  and, 
if  brown  flakes  separate,  these  consist  of  ulmic  acid,  humic 
acid,  or  geic  acid.  The  larger  the  proportion  of  ulmic  acid 
present,  the  fighter  will  be  the  colour  of  the  precipitate,  whilst  a 
darker  brown  indicates  more  humic  or  geic  acid. 

c.  Treatment  with  Caustic  Alkali. 

The  soil  which  has  been  boiled  with  solution  of  carbonate  of  28^ 
soda  {h)  is  washed  with  water,  boiled  for  several  hours  with  potassa, 
replacing  the  Avater  as  it  evaporates,  then  diluted,  filtered,  and 
washed.  The  brown  solution  is  treated  as  in  h.  The  ulmic  and 
humic  acids  which  are  thrown  down  have  been  produced  by  the 
action  of  the  boiling  potassa  on  ulmin  and  humin. 
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V.  DETECTION  OF  INOEGANIC  SUBSTANCES  IN  I'EESENCE 
OF  OEGANIC  SUBSTANCES. 

§  220. 

It  will  be  easily  understood  that  the  presence  of  coloured  or 
mucilaginous  organic  substances  may  so  far  interfere  with  the 
analysis  that  it  cannot  be  carried  out  until  the  organic  matter  has 
been  totally  destroyed ;  as,  for  instance,  a  change  of  colour  or  a 
precipitate  cannot  be  distinguished  in  a  dark-coloured  liquid,  whilst 
the  presence  of  slimy  matter  may  render  filtration  impossible. 
Difficulties  of  this  kind  are  of  constant  occurrence  in  the  examina- 
tion of  medicines,  in  the  analysis  of  articles  of  food  or  of  the 
contents  of  a  stomach  for  inorganic  poisons,  as  well  as  in^  the 
analysis  of  the  inorganic  constituents  of  vegetable  or  animal 
substances.  In  the  following  pages  a  general  method  will  be  given 
fu-st,  and  then  special  cases  will  be  considered. 

1.  General  Eules  for  the  Detection  of  Inorganic  Substances  in 
Presence  of  Organic  Matters,  which  by  their  Colour,  Consistence, 
or  other  Properties,  impede  the  Application  of  the  Keagents,  or 
obscure  the  Keactions  produced. 

§  221. 

The  description  here  is  confined,  of  course,  to  the  most  generally 
applicable  methods,  leaving  the  modifications  which  circumstances 
may  require  in  special  cases  to  the  discretion  of  the  analyst. 

1.  The  substance  is  soluble  in  water,  but  the  solu-  283 
tion  is  dark-coloured  or  of  a  slimy  consistence. 

a.  A  portion  of  the  solution  is  heated  with  hydrochloric 
acid  on  the  water-bath,  and  chlorate  of  potassa  gradually 
added  until  the  mixture  is  decolorized  and  perfectly  fluid  ;  it 
is  then  heated  until  it  no  longer  smells  of  chlorine,  diluted 
with  water,  and  filtered.  The  filtrate  is  examined  in 
the  usual  way,  commencing  at  §  190  (compare  also  §  225). 
It  is  hardly  necessary  to  say  that  the  original  state  of  oxida- 
tion of  the  metals  cannot  be  determined,  since  mercurous 
oxide,  stannous  oxide,  and  ferrous  oxide  would  be  converted 
by  treatment  with  chlorate  of  potassa  and  hydrochloric  acid 
into  mercu^ric  chloride,  stannic  chloride,  and  ferric  chloride 
respectively. 

h.  Another  portion  of  the  solution  is  boiled  for  some  time 
with  nitric  acid,  filtered,  and  the  filtrate  tested  for  silver 
and  potassa.  If  the  ready  and  complete  destruction  of  the 
colouring  and  slimy  matters,  &c.,  can  be  efiected  by  means  of 
nitric  acid,  this  method  of  treatment  is  often  preferable  to 
any  other. 

c.  Alumina  and  sesquioxide  of  chromium  might 
escape  detection  by  this  method,  because  ammonia  and  sul- 
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phide  of  ammonium  do  not  precipitate  these  oxides  from 
liquids  containing  non-volatile  organic  .substances  with  cer- 
tainty and  completely.  If  there  is  reason  to  suspect  the  pre- 
sence of  these  oxides,  a  third  portion  of  the  substance  is  mixed 
with  carbonate  of  soda  and  chlorate  of  potassa,  and  the  mix- 
ture thrown  in  small  portions  at  a  time  into  a  red-hot  crucible. 
When  the  mass  is  cold,  it  is  treated  with  water,  and  the  solu- 
tion examined  for  chromic  acid  and  alumina,  the  residue  for 
alumina  {§  103). 

d.  A  separate  portion  is  tested  for  ammonia  with  hydrate 
of  lime. 

e.  Another  portion  is  submitted  to  dialysis  and  the  dialysate 
IS  examined  for  acids,  and  also  as  to  the  state  of  oxidation  of 
the  metals  present. 

2.  The  substance  is  insoluble  or  only  partly  soluble  284 
m  boiling  water;  the  solution  can  be  filtered. 

It  is  filtered,  and  the  filtrate  treated  either  as  directed  in  §  189, 
or,  should  it  require  to  be  decolorized,  according  to  283-  The 
nature  of  the  residue  may  vary. 

a.  It  is  fatty  or  resinous.  The  fat  or  resin  is  re- 
moved by  means  of  ether,  light  petroleum,  carbon  bisulphide, 
or  other  suitable  solvent,  but  this,  if  possible,  should  not 
be  miscible  with  water.  The  solution  formed  is  separated 
from  any  residue,  and  shaken  up  first  with  water  alone  and 
then  with  water  acidified  with  hydrochloric  or  nitric  acid, 
and  the  solutions  thus  obtained  examined  in  the  usual  way. 
If,  after  the  treatment  with  ether  or  other  solvent,  a  residue 
remains,  it  must  be  examined  according  to  h. 

h.  It  has  a  different  character  to  the  above;  for 
example,  wood-fibre,  &c. 

«.  In  this  case,  any  substances  present  soluble  in  acids 
are  first  of  all  extracted  by  means  of  hydrochloric  or  nitric 
acid  or  by  aqua  regia ;  the  solution,  if  necessary,  may  be 
decolorized  by  passing  chlorine  through  it,  or  by  heating 
with  bromine  or  chlorate  of  potassa,  and  is  then  ex- 
amined for  bases  and  acids  in  the  ordinary  way.  If  a 
residue  insoluble  in  aqua  regia  remains,  it  is  washed  with 
water,  dried,  and  if  sulphur  is  present  it  is  extracted  with 
warm  carbon  bisulphide  and  filtered.  The  residue  is 
cautiously  incinerated,  and  the  ash  tested  according  to 
§  203. 

/3.  In  order  to  test  for  metals  whose  compounds  are  not 
volatile  either  at  a  moderate  red  heat  alone  or  when  mixed 
with  carbon,*  a  portion  of  the  residue  insoluble  in  water  may 
be  partially  or  completely  incinerated  in  a  porcelain  or 
platinum  dish,  avoiding  too  high  a  temperature.  The  resi- 
due is  then  warmed  with  hydrochloric  acid  and  a  little  nitric 


*  Under  these  circumstances,  compounds  of  mercury,  arsenic,  cadmium,  and 
zinc  arc  volatile,  and,  at  a  bright  red-heat,  lead  and  antimony  also. 
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acid,  the  solution  diluted  witli  water,  and  examined  accord - 
ino-  to  §  190  J  if  there  is  any  residue,  it  is  examined  accord- 
ing  to  §  203. 

y.  The  remainder  is  tested  for  ammonia,  by  triturating 
with  hydrate  of  hme. 

3.  The  substance  does  not  admit  of  filtration  or  any  285 
other  means  of  separating  the  dissolved  from  the  un- 
dissolved part. 

In  this  case,  the  same  process  is  employed  as  for  the  residue  in 
284  insoluble  in  water. 

As  regards  the  charred  mass,  284  h,  13,  it  is  often  advisable  to 
boil  the  mass,  carbonized  at  a  gentle  heat,  with  water,  filter, 
examine  the  filtrate,  wash  the  residue,  incinerate  it,  and  examine 
the  ash. 

4.  A  method  which  is  very  generally  applicable  for 
the  detection  of  metallic  oxides  when  mixed  with 
organic  matter  has  been  proposed  by  E.  Millon.*  The 
substance  in  small  pieces  is  put  into  a  tubulated  retort  with  about 
four  times  its  weight  of  pure  sulphuric  acid ;  the  retort  should 
not  be  more  than  one-third  full.  The  mixture  is  then  slowly 
heated  until  ib  is  homogeneous,  when  nitric  acid  is  introduced  by 
degrees  through  a  funnel  tube  placed  in  the  tubulure  of  the  retort, 
at  the  same  time  gradually  increasing  the  temperature  ;  the  object 
of  this  first  operation  is  to  decompose  the  chlorides,  which  takes 
about  half  an  hour.  The  contents  of  the  retort  is  now  heated  in  a 
platinum  dish  until  the  sulphuric  acid,  which  by  degrees  loses  its 
black  colour  and  turns  orange  or  red,  begins  to  escape.  More 
nitric  acid  is  now  added  in  small  portions  ;  after  each  addition  the 
hquid  will  be  decolorized,  but  it  again  tvirns  darker  on  further 
heating.  The  addition  of  nitric  acid  is  continued  until  this 
coloration  no  longer  occurs,  and  the  sulphuric  acid  is  then  expelled 
and  a  pure  white  saline  mass  is  left  which  can  be  analysed  in  the 
usual  way.  According  to  Mil  Ion,  if  the  heat  is  moderated 
towards  tlie  end,  none  of  the  arsenic  or  mercury  will  be  lost ;  this 
can  only  be  depended  on,  however,  if  the  amoimt  of  clilorides 
present  is  small. 

5.  If  salts  have  to  be  detected  in  the  presence  of 
organic  compounds  which  belong  to  the  class  of  col- 
loids, dialysis  may  frequently  be  resorted  to  with  great  advantage 
(§  8).t  According  to  circumstances,  the  substance  may  be  either 
placed  directly  in  the  dialyser,  or  first  warmed  with  hydrochloric 
acid  or  with  hydrochloric  acid  and  chlorate  of  potassa  (comp. 
also  §  224). 

6.  If  colouring  matters  (especially  aniline  colours), 
textile  fabrics,  hangings,  &c.,  have  to  be  examined 
specially  for  arsenic,  the  following  method  may  be  always 
employed  for  the  purpose.    If  the  colouring  matter  itself  is  to  be 

*  .Toiirn.  Pharm.  Claim.,  46,  3.3.  Zeit.  anal.  Cliem.,  4,  208.  For  Pouch et's 
modification  of  Millon's  process,  see  Zeit.  anal.  Chem. ,  21,  ;}06. 

t  Compare  0.  Reveil,  Zeit.  f.  anal.  Cliem.,  4,  2G{i;  Bizio,  ibid.,  4,  51- 
Riederer,  ibid.,  7,  517 ;  H.  Struve,  ibid.,  24,  72.  ' 
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examined,  it  is  mixed  with  2  pai-ts  of  carbonate  of  soda  and 
2  parts  of  nitrate  of  soda,  or  the  fahric  or  hangings  may  be  satu- 
rated with  a  concentrated  solution  of  this  mixture  and  then 
thoroughly  dried.  Some  nitrate  of  soda  is  then  fused  in  a  porce- 
lain dish,  and  the  substance  to  be  examined,  prepared  as  above,  is 
gradually  added,  the  heating  being  continued,  and  fresh  nitrate  of 
soda  added  from  time  to  time  if  necessary.  By  this  means  a  fused 
mass  is  obtained  free  from  carbon  and  organic  compounds.  When 
cold,  this  is  digested  with  water,  the  alkaline  solution  filtered 
off,  the  residue  washed,  and  sufficient  dilute  sulphuric  acid  added 
to  the  filtrate  and  washings  to  decompose  all  carbonates,  nitrites, 
and  nitrates  present ;  the  solution  is  then  evaporated,  at  fii'st  on 
the  water-bath,  and  subsequently  at  a  higher  temperature,  until 
thick  fumes  of  sulphuric  acid  begin  to  come  off;  it  is  then  cooled, 
diluted,  and  filtered.  This  filtrate  may  now  be  either  introduced 
into  a  Marsh's  apparatus  at  once  in  order  to  test  it  for  arsenic 
(§  132,  10),  or  a  few  drops  of  hydrochloric  acid  may  be  added, 
sulphuretted  hydrogen  passed,  and  the  precipitate  obtained  may 
be  examined  according  to  300-  It  is  easy  to  see  that  in  many 
cases  a  more  simple  method  may  be  used  in  order  to  obtain  a  solu- 
tion which  can  be  directly  examined  in  a  Marsh's  apparatus.  Of 
the  various  methods  recommended  for  this  purpose  H.  Fleck's* 
is  the  only  one  that  will  be  mentioned  here. 

The  substance  to  be  examined  is  cut  iip  and  digested  for  from 
eighteen  to  twenty-four  hours  with  50  to  100  grams  of  pure  25 
per  cent,  sulphuric  acid,  at  a  temperature  of  50°  to  60°.  If,  after 
this  digestion,  any  coloured  residue  is  perceived,  which,  however, 
is  very  rarely  the  case,  3  to  5  grams  of  pure  nitric  acid  1*24  sp.  gr. 
should  be  added  to  each  100  grams  of  the  25  per  cent,  sulphuric 
acid,  and  the  digestion  continued  until  all  coloured  particles  are 
destroyed.  The  solution  is  then  filtered,  the  residue  washed,  and 
the  filtrate  and  washings  made  up  to  200  c.c.  and  tested  in  a 
Marsh's  apparatus,  adding  it  in  portions  of  20  c.c.  at  a  time.  If 
nitric  acid  has  been  employed,  the  solution  must  be  evaporated 
until  the  acid  is  aU  driven  off"  before  diluting  to  200  c.c.t 

2.  Detection  of  Inorganic  Poisons  in  Articles  of  Food,  in  Dead 
Bodies,  &c.,  in  Chemico-legal  Cases,J 

§  222, 

The  chemist  is  sometimes  called  upon  to  examine  an  article  of  286 
food,  the  contents  of  a  stomach,  a  dead  body,  &c.,  with  a  view  to 
detect  the  presence  of  some  poison,  and  thus  to  estabhsh  the  fact 
of  poisoning ;  but  it  is  more  frequently  the  case  that  the  question 
put  to  him  is  of  a  less  general  nature — that  of  determining  whether 
a  certain  substance  placed  before  him  contains  a  metallic  poison ; 
or,  still  more  limited,  whether  it  contains  arsenic  or  hydrocyanic 

*  Zeit.  anal.  Chem.,  22,  474, 

t  With  respect  to  other  methods,  compare  H,  Hager,  Zeit,  anal,  Chem,,  H, 
478;  G,  Thomas,  ihkl,  20,  475;  E.  Lyttltens,  ibid.,  22,  147- 

t  Compare  Fresenius,  Ann,  Chem.  Pharm.,  49,  275  ;  and  Fresenius  and  v. 
Babo,  on  the  quantitative  estimation  of  arsenic,  Ann,  Chem,  Pharm,,  49,  2S7. 
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acid,  or  some  other  particular  poison— as  it  may  be  that  the  symp- 
toms point  clearly  in  the  direction  of  that  poison  or  that  the 
examining  magistrate  has,  or  believes  he  has,  some  other  reason  to 

nut  this  question.  ,  j.- 

It  is  obvious  that  the  more  special  and  pointed  the  question 
the  easier  it  is  to  answer.  The  analyst,  however  will  always  act 
more  prudently,  even  in  cases  where  he  is  simply  requested  to 
state  whether  a  certain  poison— arsenic,  for  example— is  present 
or  not,  if  he  adopts  a  method  of  examination  which  will  not  only 
enable  him  to  detect  the  one  poison  named,  the  presence  ot  which 
may  perhaps  be  suspected  on  insufficient  grounds,  but  will  more- 
over inform  him  as  to  the  presence  or  absence  of  other  similar 

poisons.  , 

This  must  not  be  carried  too  far,  however;  for,  although  un- 
questionably we  might  succeed  in  elaborating,  at  the  writing-desk, 
a  method  which  wotild  include  aU  poisons,  practical  experience 
Avould  but  too  speedily  convince  us  that  the  complexity  inseparable 
from  such  a  course  would  be  incompatible  with  easy  execution  and 
certainty  in  the  results ;  to  such  an  extent,  indeed,  that  the  draw- 
backs would  be  greater  than  the  advantages  derivable  from  it. 

Moreover,  the  attendant  circumstances  usually  afford  at  least 
a  tolerably  safe  inference  as  to  the  group  to  which  the  poison 
belongs.  From  this  point  of  view,  the  following  processes  will  be 
described : — 

1.  A  method  which  ensures  the  detection  of  the  minutest 
traces  of  arsenic  in  medico-legal  cases  with  certainty,  allows  of 
its  quantitative  determination,  and  permits  at  the  same  time  the 
detection  of  all  other  metallic  poisons. 

2.  A  method  for  the  detection  of  hydrocyanic  acid,  which 
leaves  the  original  substance  still  fit  to  be  examined  both  for 
metallic  poisons  and  for  alkaloids. 

3.  A  method  of  detecting  phosphorus,  which  does  not  interfere 
with  the  examination  for  other  poisons. 

This  part  of  the  work  does  not,  therefore,  profess  to  supply  a 
complete  guide  in  every  possible  case  of  medico-legal  investiga- 
tions, but  the  instructions  given  in  it  have  been  practically  tried 
and  proved  by  the  author.  Moreover,  they  will  generally  be  found 
sufficient,  the  more  so  as  in  the  section  on  the  alkaloids  a  descrip- 
tion is  given  of  the  best  processes  for  their  detection  in  criminal 
cases. 

If  there  are  no  indications  at  all  as  to  the  kind  of  poison  to 
be  looked  for,  so  that  it  is  necessary  to  search  for  all  poisons,  both 
organic  and  inorganic,  the  substance  must  be  carefully  examined, 
both  with  the  naked  eye  and  with  a  microscope,  noting  also  the 
odour,  reaction,  &c. ;  then,  if  the  circumstances  do  not  point  to 
examining  different  portions  for  the  different  classes  of  poisons,  it 
should  be  tested  for  hydrocyanic  acid  and  phosphorus  (a  distillation 
usually  suffices  for  the  detection  of  both),  afterwards  for  alkaloids, 
and  finally  for  metallic  poisons.  If  there  are  several  difierent  ' 
substances,  as  food,  vomit,  contents  of  the  stomach,  of  the  intes- 
tines, the  brains,  and  internal  organs,  liver,  spleen,  &c.,  they  should, 


362 


METALLIC  POISONS  IN  FOOD,  ETC. 


[§  223. 


as  a  rule,  be  examined  individually.  It  is  always  necessary  as  a 
matter  of  caution  to  reserve  one-third  of  each,  after  weighing  and 
mixing,  for  contingencies,  and  also  for  finally  determining  in  what 
form  of  combination  the  poison  is  present. 

I.  Method  for  the  Detection  of  Arsenic  (with  due 
Regard  to  the  Possible  Presence  of  other  Metallic 
Poisons.) 

§  223. 

Of  all  metallic  poisons,  arsenic  is  the  most  dangerous,  and  at  287 
the  same  time  that  most  frequently  used,  more  particularly  for 
criminal  purposes.  Again,  among  the  compounds  of  arsenic, 
arsenious  acid  (white  arsenic)  occupies  the  first  place,  because  it 
kills  even  in  small  doses,  it  has  little  or  no  taste,  and  it  is  but  too 
readily  procurable. 

As  arsenious  acid  is  only  sparingly  soluble  in  water,  and — on 
account  of  the  difficulty  with  which  it  is  moistened — dissolves  but 
very  slowly,  the  greater  portion  of  what  has  been  swallowed 
usually  remains  in  the  body  undissolved ;  as,  moreover,  the  smallest 
particle  of  it  may  be  readily  detected  by  means  of  an  exceedingly 
simple  experiment ;  and  lastly,  as — even  if  arsenic  is  present  in 
other  forms,  in  ochre  colouring-matters,  &c. — this  much  is  certain, 
that  arsenious  acid  in  grains  or  poxoder  can  never  be  normally  pre- 
sent in  food,  in  the  human  body,  or  in  decayed  coffins,*  the  analyst 
ought  always  to  take  especial  pains  to  detect  arsenious  acid  itself, 
and  this  can  usually  be  done.  Metallic  arsenic,  which  is  some- 
times used  for  poisoning,  may  also  be  found  if  present. 

A.  Metliod  for  Detecting  Undissolved  Arsenic  Acid  or  Metallic 

Arsenic. 

1.  If  food,  vomit,  or  some  other  matter  of  the  kind  has  to  be  288 
examined,  it  is  first  weighed  and  then  mixed  as  uniformly  as  pos- 
sible; one-third  is  put  aside  for  contingencies,  whilst  the  other 
two-thirds  is  stirred  up  in  a  porcelain  dish  with  distilled  water, 
allowed  to  remain  a  short  time,  and  the  liquid  portion,  together 
with  the  lighter  suspended  particles,  is  poured  off  into  another 
porcelain  dish.  This  jDrocess  of  lixiviation  is  repeated  several  times, 
if  possible  with  the  same  liquid,  pouring  it  from  the  second  dish 
back  into  the  first,  and  so  on.  Lastly,  it  is  washed  once  more 
with  pure  water,  best  in  a  glass  dish,  and  the  liquid  removed  as 
far  as  practicable ;  the  residue  in  the  dish  must  noAV  be  carefully 
examined  to  ascertain  if  any  small,  white,  hard  grains  are  present, 
which  feel  gritty  under  the  glass  rod  (arsenious  acid),  or  any  black 
grains  or  scales  (metallic  arsenic).  If  this  is  not  the  case,  proceed 
as  directed  in  §  224  or  §  225.  If  anything  of  the  kind  is  found, 
however,  the  grains,  or  some  of  them,  must  be  picked  out  with  a 

*  The  author  once  had  to  examine  the  completely  decomposed  7"emains  of  a 
child  which  had  heen  long  buried,  a  small  coffin  painted  ■with  ochre  having  heeu 
used.  The  cover  of  the  coffin  had  rotted,  and  the  decayed  wood  was  mingled  v.  ith 
the  remains  of  the  child.  The  contents  of  the  coffin  contained  a  small  quantity 
of  arsenic,  but  not  more  than  the  ochre-colour  on  a  surface  of  the  coffin  equal  to 
the  part  which  had  fallen  in. 
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pair  of  pincers,  or,  if  they  are  very  minute,  they  may  be  washed 
in  a  watch-glass,  dried,  weighed,  and  a  small  portion  heated  in 
a  glass  tube.  With  arsenious  acid,  a  white  sparkling  sublimate  is 
formed,  consisting  of  octahedrons  and  tetrahedrons,  whilst  metallic 
arsenic  yields  an  arsenical  mirror.  In  the  former  case,  another 
small  portion  is  heated  with  a  charcoal  splinter,  as  in  §  132,  2, 
and  if  an  arsenical  mirror  is  formed  it  is  certain  that  the  grains 
examined  consist  of  arsenious  acid.  If  it  is  desired  to  determine 
the  arsenic  quantitatively,  or  to  test  for  other  metallic  poisons,  the 
contents  of  both  dishes  are  united  and  examined  as  directed  in 
§  224  or  §  225. 

2.  If  a  stomach  is  to  be  submitted  to  analysis,  the  contents 
should  be  emptied  into  a  porcelain  dish,  the  stomach  turned  inside 
out,  and  (a)  the  inside  coat  carefully  examined  for  small,  white, 
hard,  sanely  grains,  or  for  black  grains  or  splinters.  The  spots 
occupied  by  such  grains  are  often  reddened,  and  the  grains  are 
frequently  firmly  embedded  in  the  membrane,  (b)  The  contents 
in  the  dish  are  mixed  uniformly,  weighed,  one-third  put  aside 
for  contingencies,  and  the  other  two-thirds  treated  as  in  1.  The 
same  course  is  pursued  also  with  the  intestines.  In  other  parts  of 
the  body — with  the  exception  perhaps  of  the  pharynx  and  oesopha- 
gus— arsenious  acid  in  grains  or  metallic  arsenic  cannot  be  found 
if  the  poison  has  been  introduced  through  the  mouth.  If  grains 
of  the  kind  described  have  been  found,  they  should  be  examined 
as  directed  in  1  j  if  not,  or  if  it  is  desired  to  test  also  for  other 
metallic  poisons,  proceed  according  to  §  224  or  §  225. 

B.  Metlwd  of  Detecting  Soluble  Arsenical  and  otlier  Metallic 
Compoimds  hy  Means  of  Dialysis* 

§  224. 

If  method  A  has  failed  to  show  the  presence  of  arsenious  acid  289- 
in  the  solid  state,  and  the  process  described  in  §  225,  in  which  the 
organic  substances  are  totally  destroyed  by  chlorate  of  potassa  and 
hydrochloric  acid,  is  at  once  resorted  to,  the  operator  must,  of 
course,  give  up  all  notion  of  ascertaining,  as  far  as  the  portion 
operated  upon  is  concerned,  in  what  form  the  arsenic  has  been 
administered ;  for  the  process  will  give  a  solution  containing  arsenic 
acid,  whether  the  poison  was  originally  present  in  that  form,  or  as 
arsenious  acid,  or  as  sulphide,  or  in  the  metaUic  state,  &c.  This 
defect  may  be  avoided,  however,  by  interpolating  a  dialytic  ex- 
periment between  A  and  G. 

The  experiment  requires  the  apparatus  shown  in  fig.  5,  p.  10. 
The  hoop  is  made  of  wood  or,  better,  of  gutta-percha ;  it  is  2  inches 
(60  mm.)  in  depth  and  8  or  10  inches  (200-300  mm.)  in  diameter. 
When  the  dialyser  is  prepared,  the  residue  and  fluid  of  §  223,  A, 
having  been  mixed  according  to  the  circumstances  with  two-thirds 
of  the  stomach,  intestinal  canal,  &c.,  cut  small,  and  digested  for 
twenty-four  hours  at  about  32°,  is  poured  into  it  to  a  depth  of  not 
more  than  half  an  inch  (15  mm.).    The  dialyser  is  then  floated  in 

*  Compare  §  8. 
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ii  basin  containing  about  four  times  as  much  water  as  tlie  fluid  to 
be  dialysed  amounts  to.  After  twenty-four  hours,  one-half  or 
three-fourths  of  the  crystalloids  will  be  found  in  the  external  water, 
which  is  generally  colourless  j  this  is  concentrated  by  evapora- 
tion on  the  water-bath,  the  greater  part  acidified  with  hydrochloric 
acid,  treated  with  sulphuretted  hydrogen,  and  examined  as  directed 
in  291.  If  an  arsenical  compound  soluble  in  water  (or  some  other 
soluble  metallic  salt)  is  present,  the  corresponding  sulphide  is 
obtained  almost  pure.  By  floating  the  dialyser  successively  on 
fresh  supplies  of  water,  the  whole  of  the  soluble  crystalloids  present 
may  be  finally  withdrawn.  If  arsenic  is  found,  test  the  remainder 
of  the  concentrated  dialysate  according  to  §  134,  11,  to  ascertain 
whether  the  arsenic  is  present  as  arsenious  or  arsenic  acid. 

It  is  generally  best  to  examine  the  exhausted  contents  of  the 
dialyser  at  once  according  to  §  225  for  metals,  but  in  some  cases, 
.as,  for  instance,  when  it  is  thought  desirable  to  ascertain  the  state 
of  oxidation  or  combination  of  the  compounds  of  arsenic  or  other 
metals  insoluble  in  water,  it  is  preferable  to  heat  the  matter  first 
with  dilute  hydrochloric  acid  and  to  dialyse  it  again. 

Instead  of  interpolating  the  dialysis  between  §  223  and  §  225 
(which  wiU  naturally  delay  the  investigation),  you  may  wait  tiU  the 
close  of  G,  and  then  if  a  metallic  poison  has  been  found  the  reserved 
one-third  of  the  material  may  be  submitted  to  dialysis  with  the 
view  of  ascertaining  the  state  of  combination  or  degree  of  oxidation 
of  the  metal  (308).  This  is  usually  the  most  advantageous 
method  of  operating. 

C  MetJwd  for  the  Detection  of  Arsenic  in  whatever  Form  it  may 
exist,  luhich  allows  also  of  its  Quantitative  Determination,  and  of 
the  Detection  of  all  other  Metallic  Poisons.* 

§  225. 

If  neither  arsenious  acid  nor  metallic  arsenic  has  been  found 
in  the  substance  by  the  method  described  in  A,  nor  an  arsenic  com- 
pound soluble  in  water  or  hydrochloric  acid,  by  dialysis,  the  mass 
obtained  by  lixiviation  is  evaporated  in  a  porcelain  dish,  on  the 
water-bath,  to  a  pasty  consistence,  having  previously  added  pure 
■carbonate  of  soda  in  slight  excess  if  the  reaction  was  acid ;  if  occasion 
requires,  two-thirds  of  the  stomach  and  intestines  cut  small  are 
added,  provided  this  has  not  been  done  already  in  the  process  of 
dialysis.  If  other  parts  of  the  body  (the  lungs,  liver,  &c.)  have  to 
be  examined,  they  are  also  cut  into  small  pieces  and  two-thii-ds 
used  for  the  analysis. 

If  the  substance  to  be  examined  contains  alcohol,  this  must, 
under  all  circumstances,  be  first  removed  by  evaporation. 

The  process  is  arranged  in  the  following  divisions.! 

*  This  method  is  essentially  the  same  as  that  which  was  published  in  IS44  hy 
L.  V.  Babo  and  the  author  ;  compare  Ann.  Chem.  Pharm.,  49,  308.  Since  that 
time,  the  author  has  had  frequent  occasion  to  test  its  value  both  personally,  aud  by 
others  under  his  immediate  inspection,  and  it  has  been  found  invariabh/  to  mtstcei- 
the  purpose  perfectly.  With  regard  to  the  distribution  of  arsenic  in  the  animal 
organism  after  the  exhibition  of  arsenious  acid,  see  E.  Ludwig,  Zeit.  anal.  Chem., 

26>  608.  ,  .  •,    f  ^1  •  . 

t  It  is  evident  that  the  reagents  and  vessels  used  in  a  research  of  this  nature 
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1.  Decolorization  and  Solution. 

To  the  matters  in  the  porcelain  dish,  which  may  amount  to,  say,  290' 
100  or  250  grams,  hydrochloric  acid  of  1  •10-1-12  sp.  gr.  is  added, 
in  weight  about  equal  to  or  somewhat  exceeding  the  weight  of  the 
dry  substances  present,  and  also  sufficient  water  to  give  to  the 
entu-e  mass  the  consistence  of  a  thin  paste.  The  hydrochloric  acid 
added  should  never  exceed  one-third  of  the  entire  liquid  present. 

must  be  most  carefully  examined,  to  ascertain  that  they  are  absolutely  free  from 
arsenic,  the  heavy  metals,  and  every  other  impurity.  The  method  here  described 
requires  the  following  reagents  :—  ^.i    ,  r  .    .  • 

1.  Hydrochloric  acid  of  I'lOto  1-12  sp.  gr.— Although  the  method  of  testing 
hydrochloric  acid  to  ascertain  its  purity  has  already  been  treated  of  in  §  28,  it 
should  be  noted  that,  as  this  acid  has  to  be  used  in  relatively  large  quantities,  the 
o-reatest  care  must  be  taken  to  insure  the  absence  of  arsenic.  The  follovvmg 
methods  are  particularly  adapted  for  delicate  tests,  (a)  Pure  ferrous  chloride  is 
added  to  1  litre  of  the  acid,  and  50  c.c.  distilled  off ;  this  must  be  tested  in  the 
apparatus  described  in  §  132,  10,  zinc  free  from  arsenic  being  employed  :  it  should 
yield  no  trace  of  arsenical  deposit  in  the  glass  tube  even  after  prolonged  heating. 
In  researches  of  this  kind,  and  especially  if  a  hydrochloric  acid  solution  is  intro- 
duced into  the  Marsh's  apparatus,  the  chloride  of  calcium  tube  should  be  filled 
with  small  pieces  of  potassa.  (b)  A  few  grains  of  chlorate  of  potassa  and  a 
small  quantity  of  water  are  added  to  1  litre  of  the  acid,  and  the  whole  evapo- 
rated to  a  small  bulk  in  a  porcelain  dish,  water  being  added  from  time  to 
time  ;  the  residue  is  then  tested  in  a  Marsh's  apparatus  as  described  under  a 
(R.  Otto  in  F.  J.  Otto's  Anleitunr)  zur  Ausmittelung  tier  Gifte,  sixth  edition,  p. 
146).  The  ferrous  chloride  required  for  the  method  described  under  a  may  be  pre- 
pared by  dissolving  iron  wire  in  pure  hydrochloric  acid  of  from  TIO  to  1-12  sp.  gr. 
and  heating  the  solution  for  some  time  in  a  small  distillation  apparatus.  As  soon 
as  no  trace  of  arsenic  can  be  detected  in  the  distillate,  the  ferrous  chloride  may  be 
considered  to  be  free  from  arsenic. 

2.  Chlorateof  potassa.  —This  may  be  most  readily  tested  by  heating  a  large 
quantity  to  boiling  with  twice  its  weight  of  watei-,  and  allowing  it  to  crystallize 
with  constant  stirring  up.  The  mass  of  crystals  is  then  placed  on  a  filter,  and  the 
mother  liquor  allowed  to  run  off ;  this  is  decomposed  by  warming  with  dilute  hydro- 
chloric acid  free  from  arsenic,  a  small  quantity  of  the  solution  thus  obtained  is 
tested  for  the  heavy  metals  with  sulphuretted  hydrogen  and  sulphide  of  am- 
monium, a  second  portion  is  evajiorated  to  a  small  bulk,  water  being  added  from 
time  to  time,  and  the  residue  tested  in  a  Marsh's  apparatus. 

3.  Sulphuretted  hydrogen  gas. — The  sulphuretted  hydrogen  prepared 
by  the  action  of  hydrochloric  or  sulphuric  acid  on  ferrous  sulphide  frequently  con- 
tains arseniuretted  hydrogen  gas  derived  from  the  materials  employed;  the  gas 
prepared  by  this  method,  therefore,  must  not  be  employed  in  chemico-legal  investiga- 
tions, or  at  least  not  without  previous  purification.    The  gas  must  either  be  evolved 
from  materials  free  from  arsenic,  or,  if  prepared  according  to  the  usual  method,  it 
must  be  jrarified  before  being  used.      Although  several  methods  for  purification 
have  been  recommended  recently — combination  of  the  sulphuretted  hydrogen  with 
magnesia,  the  sulphydrate  being  formed  (Divers  and  Shimidzu,  Jour.  Cbem. 
Soc.  Trans.  1884,  p.  699,  or  passing  the  gas  over  sulphide  of  potassium  heated  at 
350°  (0.  V.  d.  Pfordten,  Ber.  deut.  chem.  Ges.,  17,  2897)— it  is  more  satisfactory  to 
prepare  the  gas  from  materials  free  from  arsenic,  from  the  sulphides  of  calcium  or 
barium  which  may  be  prepared  by  igniting  gypsum  or  heavy  spar  with  carbon. 
According  to  Kosmann,  sulphide  of  barium  has  been  employed  for  the  prepara- 
tion of  sulphuretted  hydrogen  in  the  laboratory  of  the  Ecole  des  Mines,  at  Paris, 
under  Rivot's  direction,  for  at  least  twenty  years.    Calcium  sulphide  has  been 
especially  recommended  by  R.  Otto  (F.  J.  Otto's  Anhitung  zur  Ausmittelung  dcr 
Oifle,  sixth  edition,  p.  158),  the  preparation  of  the  sulphide  and  the  evolution  of 
the  gas  being  conducted  in  the  following  manner  : — 7  parts  of  anhydrous  gypsum, 
3  jjarts  of  powdered  charcoal,  and  1  part  of  rye  meal  are  mixed  with  water  to  a  stiff' 
paste,  the  mixture  rolled  into  balls  or  cylinders,  completely  dried,  and  ignited  at  a 
strong  red  heat  in  a  well-covered  Hessian  crucible.    Tlie  sulphide  of  calcium  is 
then  broken  up  into  small  pieces  and  introduced  into  a  AVoulfo's  bottle,  one 
tubulus  of  which  is  fitted  with  a  separating  funnel  with  a  glass  tap,  whilst  in  the 


366 


METALLIC  POISONS  IN  FOOD,  ETC. 


[§  225. 


The  dish  is  now  heated  on  the  water-bath,  adding  every  five  minutes 
from  0-5  to  2  grams  of  chlorate  of  potassa  to  the  hot  hquid,  stirring 
at  the  same  time  until  the  contents  of  the  dish  are  light  yellow  and 
tolerably  homogeneous  and  fluid ;  the  water  must  be  replaced  from, 
time  to  time  as  it  evaporates.  When  this  point  is  attained,  some 
more  chlorate  of  potassa  is  added  and  the  dish  removed  from  the 
water-bath.  When  quite  cold,  the  contents  of  the  dish  are  cautiously 
poured  on  to  a  linen  strainer  or  a  filter,  according  to  the  quantity ; 
the  whole  of  the  liquid  is  allowed  to  pass  through,  and  the  filtrate 
heated  on  the  water-bath  with  renewal  of  the  water  as  it  evaporates, 
until  the  odour  of  chlorine  has  gone  off  or  nearly  so.  The  residue 
is  washed  well  with  hot  water  and  dried ;  it  is  then  marked  I.,  and 
reserved  for  further  examination,  according  to  302-  The  washings 
.are  evaporated  on  the  water-bath  to  about  100  gi-ams,  and  added, 
together  with  any  precipitate  that  may  have  formed  therein,  to  the 
principal  filtrate. 

2.  Treatment  of  the  Solution  with  Sulphuretted  Hy- 291 
drogen  (Separation  of  the  Ai^senic  as  Sulphide,  and  of  all  the 
Metals  of  Groups  V.  and  YI.  in  the  form  of  Sulphides). 
The  solution  obtained  in  I,  which  amounts  to  three  or  four 
times  the  quantity  of  the  hydrochloric  acid  used,  is  put  into  a 
flask,  heated  on  the  water-bath  to  70°,  and  a  slow  current  of 
washed  sulphuretted  hydrogen  passed  through  it  for  about  twelve 
hours ;  it  is  then  allowed  to  cool  without  discontinuing  the  passage 
of  the  gas ;  the  gas-delivery  tube  is  rinsed  out  with  some  ammonia, 
the  ammoniacal  solution  thus  obtained,  after  being  acidified,  is 
added  to  the  principal  portion  of  the  liquid,  the  flask  lightly 
covered  with  filter-paper,  and  put  in  a  moderately  warm  place 
(about  30°)  until  the  odour  of  sulphuretted  hydrogen  has  nearly 
disappeared.    The  precipitate  obtained  in  this  manner  is  collected 

other  is  inserted  a  tube  for  delivering  the  gas.  If  hydrochloric  acid  free  from 
arsenic  is  allowed  to  drop  from  the  fuimel  on  to  the  calcium  sulphide  covered  with 
a  layer  of  water,  a  tolerably  steady  stream  of  pure  sulphuretted  hydrogen  is  evolved 
if  the  vessel  be  shaken  occasionally.  In  regard  to  other  methods  for  the  preparation 
of  sulphuretted  hydrogen  free  from  arsenic,  see  Zeit.  anal.  Chem.,  23,  280,  and  also 
0.  v.  d.  Pforten,  Ber.  deut.  chem.  Ges.,  17,  2898. 

4.  Red  fuming  nitric  acid. — In  order  to  test  this,  a  large  sample  is 
eva,porated  to  dryness  on  the  water-bath,  and  the  aqueous  solution  of  any  residue 
which  may  remain  is  tested  with  sulphuretted  hydrogen  and  ammonium  sulphide, 
and  in  a  Marsh's  apparatus. 

5.  Concentrated  sulphuric  acid. — The  method  of  testing  this  reagent  has 
already  been  described  in  §  24.  The  examination  by  means  of  Marsh's  apparatus 
must  be  carried  on  for  a  long  time  if  a  trustworthy  result  is  to  be  obtained. 

C.  Carbonate  of  soda. — For  the  method  of  testing  this  reagent  see  §  46. 

7.  Nitrate  of  soda. — This  must  dissolve  in  water  without  turbidity,  and  tbe 
solution  must  yield  no  yellow  precipitate  when  heated  with  molybdate  of  ammonia 
and  nitric  acid  (§  133,  9).  Sulphuretted  hydrogen  should  give  no  ]3recipitate  in  an 
acid  solution,  nor  ammonium  sulphide  in  an  alkaline  solution. 

8.  Cyanide  of  i:)otassium. — For  the  method  of  testing  this  reagent,  see  §  54. 
It  should  always  be  carefully  seen  that  on  mixing  it  with  pure  carbonate  of  soda  in 
a  porcelain  boat,  and  heating  for  some  time  in  the  apparatus  described  in  §  132,  12, 
no  dark  coating  is  formed  in  the  glass  tube. 

9.  The  washed  filter-paper  which  is  to  be  employed  is  also  tested  by 'moist- 
ening a  number  of  the  filters  with  hydrochloric  acid,  washing  out  the  acid  with 
water  after  the  lapse  of  some  time,  and  testing  the  dilute  hydrochloric  acid  thus 
obtained  as  described  in  No.  1  of  this  note. 
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on  a  filter,  which  should  not  be  too  large,  and  washed  with  water 
containing  sulphuretted  hydrogen  until  the  washings  are  quite  free 
from  chlorine.  The  filtrate  and  washings  are  evaporated  after 
being  several  times  saturated  with  sulphuretted  hydrogen;  if  a 
precfpitate  is  formed,  it  is  collected,  washed,  and  added  to  the 
principal  sulphuretted  hydrogen  precipitate.  The  filtrate  con- 
centrated by  evaporation  is  mixed  with  ammonia  in  a  proper  sized 
flask  until  the  reaction  is  alkaline ;  sulphide  of  ammonium  is  then 
added,  and  the  flask,  which  must  now  be  nearly  full,  is  closely 
corked  and  kept  for  further  examination  according  to  306- 

3.  Purification  of  the  Precipitate  produced  by  292 
Sulphuretted  Hydrogen. 

The  precipitate  obtained  in  2,  which  contains  the  whole  of  the 
arsenic  and  all  the  other  metals  of  the  fifth  *  and  sixth  groups,  in 
the  form  of  sulphides,  also  organic  matter  and  free  sulphur,  is 
dried  with  the  filter  completely  in  a  small  dish  over  the  water- 
bath  ;  pure  fuming  nitric  acid,  free  from  chlorine,  is  then  added, 
drop  by  drop,  until  the  mass  is  thoroughly  moistened,  the  whole 
evaporated  on  the  water-bath  to  dryness,  and  this  treatment  with 
nitric  acid  is  repeated  several  times  if  necessary.  The  residue  is 
moistened  uniformly  with  pure  concentrated  sulphuric  acid,  pre- 
viously warmed,  heated  for  two  or  three  hours  on  the  water-bath, 
and  finally  with  an  air-,  sand-,  or  oil-bath  at  a  somewhat  higher, 
though  still  moderate,  temperature  (170°),  until  the  charred  mass 
becomes  friable,  and  a  small  sample  of  it — to  be  returned  after- 
wards to  the  mass — when  stirred  up  with  water  and  allowed  to 
subside,  yields  a  colourless  or  almost  colourless  solution ;  should 
the  aqueous  solution  be  brownish,  or  should  the  residue  consist  of 
a  brown  oily  liquid,  some  cuttings  of  pure,  well  washed  and  dried 
Swedish  filtering-paper  are  added  to  the  mass,  and  the  application 
of  heat  continued.  The  temperature  can  be  safely  raised  until 
fumes  of  sulphuric  acid  begin  to  escape,  without  fear  of  any  loss  of 
arsenic.  By  attending  to  these  rules,  the  destruction  of  the  or- 
ganic substances,  without  loss  of  any  of  the  metals,  can  always  be 
accomplished  safely  and  satisfactorily.  The  residue  is  warmed  on 
the  water-bath  with  a  mixture  of  8  parts  of  water  and  1  part  of 
hydrochloric  acid,  filtered,  and  the  undissolved  part  washed  tho- 
roughly with  small  quantities  of  hot  distilled  water,  containing  a 
little  hydrochloric  acid ;  the  washings,  concentrated  if  necessary, 
ai-e  added  to  the  filtrate  and  the  first  washings. 

The  washed  carbonaceous  residue  is  dried,  marked  II.,  and 
reserved  for  further  examination  according  to  303- 

4.  Preliminary   Examination   for   Arsenic  and   other  293 
Metallic  Poisons  of  Groups  V.  and  VI.    (Second  Pre- 
cipitation with  Sulphuretted  Hydrogen.) 

The  clear  and  colourless  or,  at  the  most,  somewhat  yellowish 
solution  obtained  in  3  contains  all  the  arsenic  in  the  form  of 

'  Sulphide  of  lead  and  sulphide  of  cadmium  are  not  precipitated  from  verv 
acid  solutions.    If,  on  this  account,  lead  or  cadmium  remains  iu  solution  it  will  1 
found  in  the  precipitate  produced  by  sulphide  of  ammonium  (306)  ' 
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arseniouS  acid,  and  may  contiiin  also  tin,  antimony,  mercury,  copper, 
bismuth,  and  cadmium.  A  small  portion  is  gradually  and  cau- 
tiously supersaturated  with  a  mixture  of  carbonate  of  ammoniji 
and  ammonia  to  see  whether  a  precipitate  is  produced  or  not. 
The  solution  is  then  acidified  with  hydrochloric  acid,  which  will 
re-dissolve  the  precipitate  that  may  have  been  produced  by  am- 
monia, and  the  sample  is  returned  to  the  bulk  of  the  solution. 
The  whole  is  treated  with  sulphuretted  hydrogen,  first  at  a  gentle 
heat,  afterwards  without  heat,  according  to  291- 

This  treatment  may  lead  to  three  different  results,  which  are 
to  be  carefully  distinguished. 

a.  Sulphuretted  hydrogen  passed  for  a  long  time  produces  294 
no  precipitate  ;  but  on  standing  a  trifling  white  or  yellowish- 
white  precipitate  separates.  In  this  case  probably  none  of 
the  metals  of  Groups  Y.  and  YI.  are  present.  Nevertheless, 
the  filtered  and  washed  precipitate  should  be  treated  as 
directed  in  297,  to  guard  against  overlooking  even  the 
minutest  trace  of  arsenic,  &c. 

6.  A  pure  yellow  precipitate  is  formed,  of  the  colour  of  295 
sulphide  of  arsenic.  A  small  portion  of  the  liquid  is  taken, 
together  with  the  precipitate  suspended  in  it,  some  carbonate 
of  ammonia  added,  and  the  whole  shaken  for  some  time  with- 
out heating.  If  the  precipitate  dissolves  readily,  and,  with 
the  exception  of  a  trace  of  sulphur,  completely,  and  if  in  the 
preliminary  examination  (293)  carbonate  of  ammonia  pro- 
duced no  precipitate,  arsenic  alone  is  present,  and  no  other 
metal  (at  least,  if  any  tin  or  antimony  is  present,  it  is  no 
worth  mentioning).  The  solution  of  the  small  sample  in 
carbonate  of  ammonia  is  acidified  with'  hydrochloric  acid,  and 
then  returned  to  the  liquid  containing  the  principal  pre- 
cipitate, which  is  examined  as  directed  in  297-  If,  on  the 
other  hand,  the  precipitate  does  not  dissolve  or  only  incom- 
pletely, or  if,  in  the  preliminary  examination  (293),  car- 
bonate'of  ammonia  has  produced  a  precipitate,  there  is  reason 
to  suppose  that  another  metal  is  present,  perhaps  along  with 
arsenic.  In  the  latter  case  also,  hydrochloric  acid  is  added 
to  the  sample  in  the  test-tube  to  acid  reaction,  and  it  is  re- 
turned to  the  liquid  containing  the  principal  precipitate,  which 
is  treated  as  directed  in  298- 

c  A  precipitate  is  formed  of  another  colour.    In  that  case,  296 
it  must  be  assumed  that  other  metals  are  present,  perhaps 
along  with  arsenic.    Proceed  as  directed  in  298- 

5  Treatment  of  the  pure  Yellow  Precipitate  produced  297 
'by  Sulphuretted  Hydrogen,  when   the   Results  of 
295  lead  to  the  Assumption  that  Arsenic  alone  is 
Present.    (Quantitative  Determination  of  the  Arsenic.) 
As  soon  as  the  sokition  precipitated  according  to  293  has 
nearly  lost  the  smell  of  sulphuretted  hydrogen  the  yellow  pre- 
cipitate is  collected  on  a  small  filter,  and  washed  thoroughl3|,  first 
with  water,  then  with  absolute  alcohol,  and  lastly  with  bisulphide 


4  225.] 


JIETALLIC  POISONS  IN  FOOD,  ETC. 


309 


of  carbon,  to  remove  the  sulphur  mixed  with  the  sulphide  of 
arsenic.  After  the  bisulphide  of  carbon  has  been  displaced  by- 
absolute  alcohol,  and  this  again  washed  out  with  water,  ammonia 
is  poured  on  to  the  still  moist  precipitate,  and  the  filter — on 
which,  in  this  case,  nothing  should  remain  undissolved — is  washed 
thoroughly  with  dilute  ammonia ;  the  filtrate  is  evaporated  in  a 
small  accurately  tai-ed  porcelain  dish,  on  the  water-bath,  and  the 
residue  dried  at  100°  until  the  weight  is  constant.  The  final 
weight  represents  the  amount  of  sulphide  of  arsenic  if  this  is 
found  to  be  pure  on  subsequent  reduction ;  in  that  case,  the 
weight  is  multiplied  by  0" 8049  to  obtain  the  corresponding  amount 
of  arsenious  acid,  or  by  0'6098  to  obtain  the  corresponding  amount 
of  metallic  arsenic.  The  i-esidue  in  the  dish  is  treated  according 
to  300. 

6.  Treatment   of  the  Yellow  Precipitate  produced  by  298 
Sulphiiretted  Hydrogen,  when  the  Results  of  295  or 
296  lead  to  the  Assumption  that  another  Metal  is 
present — perhaps  with  Arsenic.  (Separation  of  the  Metals 
from  each  other.    Quantitative  Determination  of  the  Arsenic.) 

'      If  thei'e  are  grounds  foi-  supposing  that  the  solution  precipitated 
according  to  293  contains  other  metals,  perhaps  along  with  arsenic, 
the  precipitate  is  collected  on  a  small  filter,  as  soon  as  the  precipita- 
tion is  thoroughly  accomplished  and  the  smell  of  sulphuretted 
hydrogen  has  nearly  gone  off",  and  washed  thoroughly ;  the  point  of 
the  filter  is  then  piei-ced,  and  all  the  precipitate  washed  into  a  small 
flask,  using  the  smallest  possible  quantity  of  water ;  to  the  liquid 
in  which  the  precipitate  is  now  suspended,  ammonia  is  first  added 
and  then  some  yellow  sulphide  of  ammonium,  allowing  the  mixture 
to  digest  for  some  time  at  a  gentle  heat.    Should  part  of  the  pre- 
cipitate remain  undissolved,  this  is  filtered  ofi",  washed,  rinsed  ofi" 
the  pierced  filter,  and  marked  III.,  reserving  it  for  further  exami- 
nation according  to  304-  The  filtrate,  together  with  the  washings, 
is  evaporated  to  dryness  in  a  small  porcelain  dish;  the  residue "^is 
treated  with  some  pure  fuming  nitric  acid  free  from  chlorine,  and 
evaporated  until  nearly  the  whole  of  the  acid  is  driven  off,  and  a 
solution  of  pure  carbonate  of  soda,  as  C.  Meyer  was  the  first  to 
recommend,  is  then  added  in  small  portions  at  a  time  until  in  excess. 
A  mixture  of  1  part  of  carbonate  with  2  of  nitrate  of  soda  is  now- 
added  in  sufiicient,  yet  not  excessive,  quantity,  the  whole  evapo- 
rated to  dryness,  and  the  residue  heated  very  gradually  to  fusion ; 
when  cold,  the  fused  mass  is  extracted  with  cold  water.    If  a  299 
residue  remains  undissolved,  it  is  collected,  washed  with  a  mixture 
of  equal  parts  of  spirit  of  wine  and  water,  marked  lY.,  and 
reserved  for  fui-ther  examination  according  to  305 ;  the  filtrate, 
which  contains  all  the  arsenic  as  arsenate  of  soda,  is  added 
to  the  washings,  previously  freed  from  alcohol  by  evaporation ;  it  is 
then  gradually  and  carefully  acidified  with  pure  dilute  sulphuric 
acid  imtil  the  liquid  has  a  strongly  acid  reaction,  and  evaporated 
in  a  small  porcelain  dish.    When  the  solution  is  highly  concen- 
trated, sulphuric  acid  is  again  added  to  see  whether  sufficient 
had  been  previously  added  to  expel  all  nitric  acid  and  nitrous 
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acid,  and  tlie  mixture  is  cautiously  heatod  until  heavy  fumes  of 
hydrated  sulphuric  acid  begin  to  escape ;  when  the  liquid  is  cold,  from 
5  to  10  c.c.  of  an  aqueous  solution  of  sulphurous  acid  is  added  to 
reduce  the  arsenic  acid  to  arsenious  acid,  the  mixture  heated  on  a 
water-bath  to  expel  the  excess  of  sulphurous  acid,  diluted  with 
water,  and  the  solution  transferred  to  a  small  flask ;  this  is  kept  at 
a  temperature  of  70°,  a  slow  current  of  washed  sulphuretted  hy- 
drogen passed  into  it  for  at  least  six  hours,  finally  allowing  it  to 
cool  whilst  the  gas  is  still  passing.  If  arsenic  is  present,  a  yellow 
precipitate  will  be  formed.  When  the  precipitate  has  completely 
subsided,  and  the  solution  has  nearly  lost  the  smell  of  sulphuretted 
hydrogen,  the  precipitate  is  collected,  washed  in  the  manner 
described  in  297;  dissolved  in  ammonia,  and  the  solution  treated 
according  to  297  in  order  to  determine  the  weight  of  the 
arsenic. 

7.  Reduction  of  the  Sulphide  of  Arsenic. 

The  production  of  metallic  arsenic  from  the  sulphide,  which  300 
may  be  regarded  as  the  keystone  of  the  whole  process  for  detecting 
the  arsenic,  must  be  carried  out  with  the  greatest  care.  The 
method  recommended  in  §  132,  12 — namely,  that  of  fusing  the 
arsenical  compound^  mixed  with  cyanide  of  potassium  and  carbonate 
of  soda  in  a  porcelain  boat,  in  a  slow  stream  of  carbonic  acid  gas 
— is  the  best  and  safest,  affording,  besides  the  advantage  of  great 
accuracy,  also  a  positive  guarantee  against  the  chance  of  con- 
founding the  arsenic  with  any  other  element,  particularly  anti- 
mony ;  on  this  account,  it  is  more  especially  adapted  for  medico- 
legal investigations. 

Care  must  be  taken  that  the  whole  apparatus  is  filled  with 
carbonic  acid,  that  the  contents  of  the  boat  is  quite  dry,  that  no 
spirting  takes  place  on  heating,  and  that  the  stream  of  gas  is 
passing  at  the  proper  rate  before  applying  heat.  Heating  the 
mixture  of  cyanide  of  potassium,  carbonate  of  soda,  and  the 
supposed  arsenical  compound  directly  in  a  glass  tube  is  to  be 
carefully  avoided  until  tubing  free  from  arsenic  can  be  obtained 
again  (see  p.  174).  A  gas  generating  apparatus  which  does  not 
allow  of  the  current  being  regulated  is  not  adapted  for  the 
present  purpose. 

The  sulphide  of  arsenic  can  be  at  once  submitted  to  reduction, 
if  possible,  however,  the  whole  of  the  residue  obtained  by  the 
evaporation  should  not  be  used  in  one  operation,  but  only  a  small 
part  of  it,  so  that,  if  necessary,  the  reduction  may  be  repeated 
several  times.  If  there  is  too  little  sulphide  of  arsenic  to  be 
divided,  it  should  be  dissolved  in  a  few  drops  of  ammonia,  a  small 
quantity  of  carbonate  of  soda  added,  the  mixture  evaporated  to 
dryness  on  the  water-bath  with  stirring,  and  a  portion  of  the  dry 
residue  used  for  the  reduction.* 

When  the  operation  is  finished,  the  reduction  tube  is  cut  ofi'  301 
between  the  narrow  part  and  the  place  where  the  boat  is  (fig.  44), 

*  A  distinct  mirror  can  be  obtained  from  a  quantity  of  sulphide  of  arsenic 
corresponding  with  0-01  mgrm.  of  arsenious  acid  (W.  Fresenius,  Zeit.  anal. 
Chem.,  20,  531). 
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the  fore  part,  which  contains  the  arsenical  mirror,  is  set  aside,  and 
the  porcelain  boat  is  put  into  water  and  allowed  to  remain  some 
time,  until  the  saline  mass  is  dissolved  ;  the  solution  is  then  filtered, 
and  the  filtrate  acidified  with  hydrochloric  acid;  sulphuretted 
hydrogen  is  then  passed  through  it,  and  it  is  noted  whether  a  pre- 
cipitate is  pi-oduced.  In  cases  where  the  reduction  of  the  sulphide 
of  arsenic  has  been  effected  directly,  without  previous  conversion 
into  arsenic  acid,  a  trifling  yellow  precipitate  of  sulphide  of  arsenic 


Fig.  44. 

may  be  formed ;  *  if  traces  of  antimony  are  present,  the  precipitate 
will  be  orange-coloured  and  insoluble  in  carbonate  of  ammonia. 
After  all  the  soluble  salts  of  the  fused  mass  have  been  dissolved 
out,  the  metallic  residue  which  may  be  left  is  examined  for  traces 
of  tin  and  antimony  (nothing  but  traces  of  these  two  metals  could 
be  present  here  if  the  instructions  given  have  been  strictly  fol- 
lowed). Should  appreciable  traces  of  these  metals,  or  either  of 
them,  be  found,  proper  allowance  must  be  made  for  this  in  calcu- 
lating the  weight  of  the  arsenic. 

8.  Examination  of  the  reserved  Hesidues,  for  other 
Metals  of  the  Fifth  and  Sixth  Groups. 

a.  Residue  I.  (see  290)- 

This  may  contain  chloride  of  silver  and  sulphate  of  lead ;  f  302 
possibly  also  stannic  oxide  and  sulphate  of  barium.  It  is  incine- 
rated in  a  porcelain  dish,  the  carbon  burned  with  the  aid  of  nitrate 
of  ammonia,  the  residue  completely  extracted  with  water,  and  the 
insoluble  residue  dried  and  fused  with  carbonate  of  soda  and 
cyanide  of  potassium  in  a  porcelain  crucible.  When  cold,  it  is  ex- 
hausted with  water,  and  then  treated  -with  dilute  acetic  acid  to 
extract  any  carbonate  of  baryta;  the  residue  which  usually  re- 
mains is  warmed  with  nitric  acid,  and  the  solution  examined 
according  to  109,  the  residue,  if  any,  according  to  §  203.  The 
aqueous  extract  from  the  fusion  with  cyanide  of  potassium  is 
acidified  with  nitric  acid.  If  a  turbidity  is  produced,  it  is 
allowed  to  settle,  collected,  and  tested  for  silver  by  §  115,  8,  as 
traces  of  silver  may  pass  over  into  the  cyanide  of  potash  solution. 
A  small  portion  of  the  acetic  acid  solution  is  then  ti-eated  with 
sulphuretted  hydrogen  in  order  that  any  traces  of  lead  present 
may  not  be  overlooked,  and  after  filtering,  if  necessary,  to  remove 

*  No  perceptible  precipitate  is  produced  on  the  redviotion  of  a  quantity  of 
sulplude  jjf^araenic  corresponding  with  010  mgrm.  of  arsenious  acid  (Zeit.  anaL 

XT-  t  regard  to  the  special  examination  of  animal  matters  for  silvei-  see 

Nicklea,  Zeit.  anal.  Chom.,  2,  114,  and  V.  Lehmann,  iUd.,  21,  470.  For  e ad  ^1 
A.  Gusserow,  ihid.,  1,  120,  and  V.  Lehmanu,  \oc.  ext.  -tor  lean,  see 
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any  lead  sulphide,  the  solution  is  tested  for  baryta  by  the  addition 
of  a  solution  of  sulphate  of  lime. 

h.  Residue  II.  (see  292). 

The  carbonaceous  residue  left  in  the  purification  of  the  sulphu-  303 
retted  hydrogen  precipitate  with  nitric  and  sulphuric  acids  may 
contain  lead,*  mercury ,t  and  tin,  possibly  also  bismuth,  antimony, 
and  sulphate  of  baryta.  It  is  gently  heated  for  some  time  with 
nitro-hydrochloric  acid,  filtered,  and  the  residue  washed  with  water, 
which  at  first  should  be  mixed  with  some  hydrochloric  acid  ;  the 
washings  are  added  to  the  filtrate,  and  the  whole  treated  with  sul- 
phuretted-hydrogen ;  if  a  precipitate  is  formed,  it  must  be  examined 
according  to  §  191.  The  residue  insoluble  in  nitro-hydrochloric 
acid  is  incinerated,  the  ash  fused  with  cyanide  of  potassium,  and 
the  melt  treated  as  directed  in  302. 

c.  Residue  III.  (see  298). 

The  precipitate  insokible  in  sulphide  of  ammonivim  is  examined  304 
for  the  metals  of  the  Fifth  Group  according  to  §  193.| 

d.  Residue  IV.  (see  299). 

This  may  contain  tin  and  antimony,  perhaps  also  copper.  It  is  305 
treated  as  directed  in  123. 

9.  Examination  of  the  Sulphide  of  Ammonium  precipitate 
for  Metals  of  the  Third  and  Fourth  Grovips,  especially 
for  Zinc,  Chromium,  and  Thallium. || 

a.  The  filtrate  from  the  sulphuretted  hydrogen  precipitate  306 
(291)  has  already  been  mixed  with  sulphide  of  ammonium ;  this 
usually  throws  down  a  precipitate  consisting  of  sulphide  of  iron  and 
phosphate  of  lime,  but  it  may  also  contain  other  metals  of  the 
third  and  fourth  grovips,  especially  sulphide  of  zinc,  sulphide  of 
thallium,  and  hydrated  oxide  of  chromium.  Moreover,  it  may 
contain  lead  and  cadmium  sulphides  if  the  solution  from  which  it  has 
been  thrown  down  by  sulphuretted  hydrogen  were  too  acid.  The 
solution  is  filtered,  and  the  filtrate  examined  according  to  307  ; 
whilst  the  precipitate  is  first  washed  with  water  containing 
ammonium  sulphide,  the  mouth  of  the  funnel  is  then  closed,  and 
a  mixture  of  1  part  of  hydrochloric  acid  with  4  to  5  parts  of  sul- 
phuretted hydrogen  water  is  poured  on  to  the  precipitate,  and 
allowed  to  remain  for  some  time.  The  solution  is  then  allowed  to 
run  through^  and,  if  necessary,  the  residue  remaining  on  the  filter 

*  See  note  J,  ante,  p.  371. 

+  For  the  special  examination  of  animal  matters  for  mercury,  see  L.  Riederer, 
Zeit.  anal.  Chem.,  7,  517;  Mayen5on  and  Bergeret,  ibid.,  13,  103;  E. 
Liidwig,  ibid.,  17,  395,  and  20,  475  ;  A.  Meyer,  ibkl,  17,  402  ;  P.  Fiirbringer, 
ibid.,  177526;  V.  Lehmann,  ibid.,  21,  470,  and 23, 109;  H.  Paschki,  ibid.,  22,295. 

i  With  regard  to  the  distribution  of  copper  in  the  animal  kingdom,  and  the 
special  examination  of  animal  matters  for  copper,  see  Ulex,  Zeit.  anal.  Chem., 
5,  260,  and  21,  480  ;  also  H.  Lossen,  ibid.,  5,  261. 

II  With  reference  to  the  poisonous  action  of  thallium,  compare  Lamy,  Jour, 
pr.  Chem.,  91,  366.  And  for  tbe  electrolytic  method  of  discovering  tliallium  in 
chemico-legal  cases,  see  Marm(5,  Zeit.  anal.  Chem.,  6,  503. 
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is  attain  treated  with  sulphuretted  liydrogen  water  containing 
hydrochloric  acid.  If  it  is  inferred  that  metals  of  the  fifth  group 
are  present,  the  filtrate  should  be  sufficiently  diluted,  sulphuretted 
hydrogen  passed  through  it,  and  any  precipitate  formed  collected 
on  the  filter  still  containing  the  residue ;  this  is  well  washed,  and 
the  precipitate  examined  for  lead,  cadmium,  nickel,  and 
cobalt.  For  this  purpose,  it  is  dissolved  in  dilute  nitric  acid, 
and  any  lead  which  may  be  present  is  separated  by  evaporating 
the  solution  with  excess  of  dilute  sulphuric  acid.  After  adding 
a  little  hydrochloric  acid  to  the  filtrate,  any  cadmium  present 
is  precipitated,  and  the  nickel  and  cobalt  are  then  thrown  down 
by  the  addition  of  ammonium  sulphide.  The  acid  filtrate,  free 
from  nickel,  cobalt,  cadmium,  and  lead,  is  rendered  faintly  alkaline  •  • 
with  ammonia,  yellow  sulphide  of  ammonium  added,  and  the  solu- 
tion allowed  to  stand  for  twenty-four  hours  at  a  gentle  heat.  If 
a  precipitate  is  formed,  it  is  collected  and  washed  with  water  con- 
taining ammonium  sulphide  ;  it  is  then  dissolved  in  dilute  hydro- 
chloric acid,  filtered,  and  a  solution  of  iodide  of  potassium  added 
to  a  small  portion.  If  a  pale  yellow  precipitate  of  thallium  iodide 
is  obtained,  the  whole  solution  must  be  precipitated  by  means  of 
iodide  of  potassium.  The  precipitate  must  then  be  further  tested 
for  thallium  by  means  of  the  spectroscope.  The  solution,  free 
from  thallium,  is  evaporated  to  a  small  bulk  with  a  little  nitric 
acid,  and  this  is  tested  for  zinc  and  chromium  according  to 

144. 

10.  Examination  of  the  Filtrate  from  the  Sulphide 
of  Ammonium  Precipitate. 

The  filtrate  separated  from  the  sulphide  of  ammonium  precipi-  307 
tate  in  306  may  possibly  contain  all  the  chromium,  as  ammonia  and 
sulphide  of  ammonium  do  not  throw  down  the  whole  of  the  oxide 
of  chromium  from  solutions  containing  certain  organic  substances. 
It  may  also  contain  baryta,  for,  when  a  soluble  salt  of  baryta  is 
present,  the  residue  I.  will  only  contain  as  much  baryta  as  the 
sulphuric  acid  originally  present,  or  that  subsequently  formed  by 
the  oxidizing  action  of  hydrochloric  acid  and  chlorate  of  potassa, 
can  precipitate,  and  the  precipitate  thrown  down  by  sulphuretted 
hydrogen  will  only  contain  so  much  sulphate  of  baryta  as  is  due 
to  the  sulphuric  acid  formed  by  the  action  of  the  air  on  the  sul- 
phuretted hydrogen.  In  order,  therefore,  to  detect  baryta  and 
chromium,  sufficient  dilute  sulphuric  acid  is  added,  and  the  solution 
evaporated  until  fumes  of  sulphuric  acid  begin  to  come  off.  When 
cold,  the  solution  is  diluted,  and  the  precipitate  collected,  washed, 
and  heated  to  drive  off  the  sulphur.  Should  a  residue  remain,  it 
must  be  tested  for  baryta  according  to  208-  The  sulphuric  acid 
filtrate  is  neutralized  with  carbonate  of  soda,  evaporated  to  dry- 
ness, the  residue,  which  consists  principally  of  sulphate  of  soda,  is 
ignited  to  drive  off  sulphate  of  ammonia,  fused  with  carbonate  of 
soda  and  chlorate  of  potassa,  and  finally  the  aqueous  extract  of  the 
melt  is  tested  for  chromium. 
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11.  Determination  of  the  State  of  Combination  in  which 
the  Metals  Detected  existed  in  the  Original  Mixture. 

If  arsenic  has  been  detected  in  300,  or  if  in  the  examination  308 
of  the  residues  I.  II.  III.  IV.  (302  to  305)  any  of  the  metals  in 
question  are  found  in  the  precipitate  from  ammonium  sulphide,  or 
in  the  filtrates  therefrom,  the  state  of  combination  in  which  they 
existed  in  the  original  substance  must  be  determined.  The  solution 
of  this  problem  is  always  of  importance,  and  specially  so  in  the 
case  of  metals  which  are  poisonous  in  some  of  their  compounds, 
but  innocuous  in  others,  as  with  barium  for  instance,  which  is 
poisonous  in  the  form  of  chloride  of  barium  or  carbonate  of  baryta, 
but  harmless  as  sulphate  (heavy  spar) ;  or,  again,  chromium,  which 
is  poisonous  as  chromate  of  potassa,  but  harmless  in  the  form  of 
chromium  oxide. 

Dialysis  usually  ofFers  a  suitable  method  for  determining  such 
questions.  If,  therefore,  dialysis  has  not  been  employed  between 
A.  §  223  and  C.  §  225,  the  third  of  the  substance  which  has  been 
reserved  must  be  treated  according  to  §  224  in  order  to  obtain  a 
solution  fitted  for  determining  the  state  of  combination  of  the 
suspected  metals  whose  presence  has  been  detected. . 

D.  Modification  of  the  Method  Described  under  C* 

Natiu-ally,  various  modifications  of  the  method  described  in  C.  309 
may  be  employed,  but  it  is  unnecessary  to  describe  them,  as  the 
circumstances  under  which  they  offer  advantages  over  that  already 
given  above  cannot  readily  be  foreseen.  It  will  be  advantageous, 
however,  to  describe  two  modifications  which  depend  on  a  diflference 
in  the  method  of  reducing  the  arsenic  to  the  metallic  state. 

1.  J,  Otto  and  R.  Otto  f  recommend  that,  instead  of  re- 
ducing a  portion  of  the  weighed  ai'senious  sulphide  by  fusing  it 
with  carbonate  of  soda  and  cyanide  of  potassium  as  described  in 
300}  the  arsenic  acid  obtained  from  the  arsenic  sulphide  should 
be  reduced  by  cyanide  of  potassium.  For  this  purpose,  the  sulphide 
of  arsenic  is  boiled  down  with  concentrated  nitric  acid,  and,  if  neces- 
sary, the  operation  is  repeated ;  every  trace  of  nitric  acid  is  then 
removed  by  repeatedly  moistening  the  residue  with  water,  and 
evaporating  to  dryness.  The  product  thus  obtained  is  treated  with 
a  few  drops  of  water,  and  powdered  carbonate  of  soda  added  until 
the  mixtui-e  is  alkaline ;  this  is  thoroughly  dried  in  the  dish, 
with  constant  stirring,  care  being  taken  to  keep  the  mixture  in  as 
smaU  a  heap  as  possible  in  the  middle  of  the  dish.  Thus  prepared, 
the  mixture  is  obtained  in  a  form  very  suitable  for  reduction.  The 
greatest  care  must  be  taken  that  the  whole  of  the  nitric  acid  is 
removed,  and  that  absolutely  no  traces  either  of  the  acid  itself  or 

*  With  regard  to  the  separation  of  arsenic  as  chloride  by  Schneider  and 
Fyfe's  distillation  method,  see  Selmi,  Ber.  dent.  chem.  Ges.,  6,  289;  H, 
Hager,  Pharm.  Centralhalle,  22,  169;  J.  A.  Kaiser,  Zeit.  anal.  Cham., 
14,  250,  and  22,  478;  E.  Fischer,  ibid.,  21,  266;  Hufschmidt,  iblil.,  24,  255; 
Beckurts,  Pharm.  Centralhalle,  26,  488. 

t  F.  J.  Otto's  Anlcitung  zur  Ausmittelung  der  Gifte,  sixth  edition  by 
Kob.  Otto,  p.  190. 
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of  a  nitrate  remain  in  the  residue,  as,  if  this  precaution  is  neglected, 
deflagration  will  ensue  when  it  is  fused  with  the  cyanide  of  potas- 
sium, and  the  estimation  be  spoilt. 

2  Instead  of  precipitating  with  sulphuretted  hydrogen  the 
solution  obtained  in  299,  it  may  be  directly  tested  in  Marsh  s 
apparatus,  as  described  at  §  132,  10.*  If  arsenic  is  present  m  any 
considerable  quantity,  a  portion  of  the  weighed  or  measured  solu- 
tion will  be  sufficient  to  yield  a  distinct  arsenical  mirror,  and  the 
remainder  of  the  solution  can  then  be  used  for  the  quantitative 
estimation  of  the  arsenic.  If,  however,  a  minute  quantity  only 
of  arsenic  is  present,  so  that  it  is  necessary  to  introduce  the  whole 
of  the  solution  into  the  Marsh's  apparatus  in  successive  portions  m 
order  to  obtain  a  distinct  arsenical  mirror,  the  quantitative  estima- 
tion of  the  arsenic  must  be  omitted.  In  order  that  the  arsenic 
carried  off  as  arseniuretted  hydrogen  may  not  be  lost,  the  gas 
issuing  from  the  heated  tube  is  passed  through  a  solution  of  silver 
nitrate  acidified  with  nitric  acid  (§  134,  6). 

It  has  ah-eadybeen  pointed  out  (§  132,  10)  how  important  it  is 
that  the  zinc  used  should  be  absolutely  free  from  arsenic.  It  should 
be  noted,  moreover,  that  in  chemico-legal  investigations  the  zinc 
employed  must  be  free  from  sulphides,  and  that  when  a  quantity 
equal  to  that  to  be  employed  in  the  actual  experiment  is  com- 
pletely dissolved  in  some  of  the  pure  sulphuric  acid  to  be  em- 
ployed, as  described  in  §  132,  10,  it  must  yield  no  trace  of  a,n 
arsenical  mirror  in  the  heated  glass  tube.  As  all  glass  tubing 
contains  arsenic,  it  is  not  an  unwise  precaution,  when  testing  the 
-inc  and  sulphuric  acid,  to  employ  a  portion  of  the  same  piece  of 
glass  tubing,  as  is  to  be  used  in  the  actual  investigation.  In 
order  to  obtain  the  necessary  confirmation  that  the  mirror  obtained 
is  actually  an  arsenical  deposit,  it  should  bo  treated  with  sul- 
phuretted hydrogen,  &c.  (see  p.  173). 

II.  Method  for  the  Detection  op  IlyDROCYANic  Acid. 

§  226. 

In  an  actual  or  a  supposed  case  of  poisoning  with  hydrocyanic  310 
acid  or  cyanide  of  potassium  (the  latter  acts  similarly  to  hydro- 
cyanic acid,  and  is  more  readily  obtainable,  as  it  is  employed  for 
many  technical  purposes),  if  the  hydrocyanic  acid  is  to  be  separated 
from  and  detected  in  food  or  the  contents  of  the  stomach,  it  is 
above  all  things  necessary  that  the  examination  should  be  made  at 
once,  as  hydrocyanic  acid  is  an  unstable  compound,  and  is  readily 
decomposed ;  t  moreover,  according  to  some  investigators,  cyano- 
gen compounds  may  be  formed  by  the  putrefaction  of  animal 

*  In  this  case,  tlie  reduction  of  the  arsenic  acid  by  means  of  sulphurous  is 
unnecessary. 

t  The  decomposition  of  hydrocyanic  acid  in  a  dead  body  occurs  after  a  period 
which  may  vary  in  duration  ;  as  a  rule,  however,  a  considerable  time  elapses  before 
<ilL  the  hydrocyanic  acid  in  the  organism  is  decomposed.  With  regard  to  experi- 
ments made  on  this  question,  see  Dragendorff,  Die  gericlUUch-chemische 
fJrmittehin;/  von  Oiflen,  p.  59,  second  edition  (St.  Petersburg  :  Schmitzdorff) ; 
Buchner,  .Tour.  pr.  Cliem.,  104,  838;  Bonjean,  Pharm.  Centralhalle,  1871, 
199  ;H.  Struve,,Zeit.  anal.  Chom.,  12,  14,  and  19;  liennard  {ibid.,  13,  110), 
Reichard,  Arch.  Pharni.,  219,  204  ;  Sokoloff',  Zeit.  anal.  Chem.,  14,  42.3. 
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matters;  this,  however,  cannot  as  yet  be  received  as  definitely 
proved.*  If  a  dead  body  is  to  be  examined,  not  only  must  the 
stomach  and  the  intestinal  canal  be  tested,  but  also  the  blood,  the 
brain,  the  liver,  and  the  urine. 

Besides  the  poisonous  cyanogen  compounds,  prominent  among 
which  stand  hydrocyanic  acid  and  cyanide  of  potassium,  there  are 
others  which  are  innocuous,  of  which  ferrocyanide  and  ferri cyanide 
of  potassium  and  prussian-blue  are  the  best  known  ;  as,  however,  the 
action  of  weak  acids  even  on  these  sets  free  a  small  portion  of  their 
cyanogen  as  hydrocyanic  acid,  it  is  most  necessary  to  make  a  pre- 
liminary examination,  so  as  to  determine  the  most  suitable  method 
to  adopt  to  ascertain  with  certainty  whether  hydrocyanic  acid  or 
cyanide  of  potassium  was  originally  present  or  not. 

A.  Preliminary  Examination. 

1.  The  odour  of  the  substance  to  be  examined  is  noted.    By  311 
this  means,  if  hydrocyanic  acid  is  present  in  any  considerable  quan- 
tity in  a  mixtiire  free  from  any  other  compounds  having  a  distinct 
odour,  it  may  be  immediately  recognized.    If,  however,  the  part  of 

the  body  under  examination  has  begun  to  putrefy,  the  odour  of 
the  hydrocyanic  acid  may  be  completely  masked  by  that  of  the 
decomposing  substances.  The  odour  alone,  moreover,  can  never  be 
considered  as  sufficient  proof  of  the  presence  of  hydrocyanic  acid, 
since  both  benzaldehyde  and  nitrobenzene  have  somewhat  similar 
odours. 

2.  A  portion  of  the  substance,  which,  if  necessary,  may  be  312 
diluted  with  water,  is  placed  upon  a  moistened  filter ;  the  filtrate 

is  acidified  with  hydrochloric  acid  and  tested  with  ferric  chloride 
for  ferrocyanides,  and  with  ferrous  sulphate  for  ferricyanides.  The 
ferric  chloride  will  also  indicate  whether  any  soluble  thiocyanates 
are  present.  If  there  is  any  prussian-blue  in  the  mixture  under 
examination,  its  presence  is  indicated,  as  a  rule,  by  the  coloui\ 
Should  the  presence  of  a  ferrocyanide,  a  ferricyanide,  or  a  thio- 
cyanate  be  indicated,  the  testing  for  any  simple  cyanogen  com- 
pound (hydrocyanic  acid  or  cyanide  of  potassium)  which  may  also 
be  present  requires  the  greatest  caution,  the  examination  being, 
made  according  to  B.  2.f 

3.  If  ferrocyanides,  ferricyanides,  and  thiocyanates  are  all  313 
absent,  the  substance  under  examination  is  next  tested  with 
guaiacum-paper  containing  copper.    The  substance  is  tested  with 

*  On  this  question,  see  Taylor  in  Dragendorff  (op.  cit.,  p.  60),  Bonjean 
(Pharm.  Centralhalle,  1871,  109),  and  W.  Preyer  (Zeit.  anal.  Chem.,  12,  23). 

+  As  both  ferrocyanide  and  ferricyanide  of  potassium  are  decomposed  even  in 
cold  aqueous  solutions,  and  more  rapidly  and  more  abundantly  in  acid  or  warm 
solutions,  it  can  never  be  concluded,  according  to  Alm^n  (Ohem.  Centralbl.,  1872, 
439),  that  poisoning  with  hydrocyanic  acid  or  cyanide  of  potassium  has  taken  place 
when  hydrocyanic  acid  is  found  in  a  dead  body  in  the  presence  of  ferrocj^anides 
and  ferricyanides.  The  author  is  of  opinion  that  under  certain  circumstances  it 
may  be  fairly  considered  that  hydrocyanic  acid  or  cyanide  of  potassium  is  the 
cause  of  death,  as,  for  instance,  when  a  relatively  large  quantity  of  hydrocyanic 
acid  is  found  in  a  body  immediately  after  death  in  the  presence  of  a  little 
ferrocyanide  of  potassium.  See  also  L u d  w i g  and  Mauthner  (Zeit.  anal.  Chem. , 
20,  604). 
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this  reagent,  adding  a  little  watei-  if  it  is  not  a  liquid.  If  it  has 
an  acid  reaction,  the  further  examination  of  the  substance  may  be 
at  once  proceeded  with,  bvit  if  it  is  alkaline  or  neutral  it  mvist  be 
rendered  acid  by  the  addition  of  a  solution  of  tartaric  acid.  The 
air  in  the  vessel  over  the  substance  is  then  tested  by  suspending 
in  it  a  piece  of  guaiacum-paper  containing  copper,  as  described  in 
§  155,  y.  If  the  paper  becomes  blue,  it  is  a  veiy  strong  indication, 
although  not  a  conclusive  proof,  of  the  presence  of  either  hydro- 
cyanic acid  or  potassium  cyanide.  Cyanide  of  mercury,  if  present, 
does  not  yield  this  reaction.    Pass  on  to  B.  1  (315). 

4.  If  the  preliminary  tests  under  1,  2,  and  3  have  yielded  314 
negative  results,  cyanide  of  mercurv  mav  yet  be  present.    Pass  on 
to  B.  3  (320). 

B.  Separation  and  Detection  of  Hydrocyanic  Acid 
and  Cyanogen  in  Poisonous  Cyanides. 

1.  If  the  preliminary  tests  (A.  2)  indicate  the  absence  of  ferro-  315 
cyanides,  ferricyanides,  and  thiocyanates,  and  if  the  guaiacum- 
paper  is  turned  blue  (A.  3),  the  substance  is  mixed  with  water  if 
necessaiy,  and,  if  the  reaction  is  not  acid,  tartaric  acid  mvist  be 
added  until  Ktmus-paper  is  strongly  reddened ;  the  whole  is  then 
transferred  to  a  retort,  the  body  of  which  is  placed  in  an  iron  or 
copper  vessel  so  that  it  does  not  touch  the  bottom,  and  this,  as  a 
precaution,  should  be  covered  with  a  cloth ;  the  bath  is  then 
tilled  ,  either  with  a  solution  of  chloiide  of  calcium  or  with  high 
boiling  paraffin  oil,  and  cautiously  heated,  so  that  the  contents  of 
the  retort  boil  gently,  the  neck  of  the  retort  sloping  upwards.  The 
vapours  which  come  off  are  passed  through  a  Liebig's  condenser* 
by  means  of  a  tightly  fitting  tube,  bent  at  a  very  obtuse  angle,  and 
the  distillate  is  received  in  a  graduated  cylinder  or  small  weighed 
flask.  When  about  12  c.c.  of  distillate  has  passed  over,  the  receiver 
is  removed  and  replaced  by  a  somewhat  larger  cylindei-  or  tared 
flask. 

The  contents  of  the  first  receiver  are  now  measured  or  weighed,  316 
and  tested  as  follows  : — 

a.  One-fourth  is  treated  as  directed  in  §  155,  7,  to  convert 
the  hydrocyanic  acid  into  sulphocyanate  of  iron.  As  the  dis- 
tillate, however,  may  very  possibly  contain  acetic  acid,  care 
must  be  taken  at  the  end  of  the  experiment  to  add  a  little 
more  hydrochloric  acid,  so  as  to  destroy  the  influence  of  the 
acetate  of  ammonia. 

b.  One-fourth  is  treated  as  directed  in  §  155,  6,  to  convert 
the  cyanogen  of  the  hydrocyanic  acid  into  prussian-blue. 

c.  If  the  experiments  a  and  b  have  proved  the  presence  of 
hydrocyanic  acid,  and  it  is  considered  desirable  also  to  approxi- 
mately determine  its  quantity,  the  distillation  is  continued  so 
long  as  the  distillate  contains  hydrocyanic  acid ;  one-half  of 

*  In  testing  for  phosphorus  at  the  same  time,  the  condenser  must  be  entirelv 
of  glass,  and  the  operation  must  be  conducted  in  a  perfectly  dark  room.  Compare 
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the  contents  of  the  second  receiver  a)-e  added  to  the  remaining 
half  of  the  contents  of  the  first,  poured  into  a  retort,  and  again 
distilled  with  the  addition  of  borax  or  bicarbonate  of  soda  to 
i-etain  any  hydrochloiic  acid,  until  nearly  the  whole  has  passed 
over.  The  distillate  thus  obtained,  which  is  now  free  from 
hydrochloric  acid,  and  contains  the  whole  of  the  hydrocyanic 
acid,  is  mixed  with  nitrate  of  silver,  ammonia  added  in  excess, 
and  then  nitric  acid  to  strongly  acid  reaction.  The  precipitate 
which  forms  is  allowed  to  svibside,  collected  on  a  tared  filter 
dried  at  100°,  well  washed,  dried  thoroughly  at  100°,  and  the 
cyanide  of  silver  weighed.  The  weight  of  this  multiplied  by 
0-2018,  gives  the  corresponding  amount  of  anhydrous  hydro- 
cyanic acid  ;  and  this  multiplied  again  by  2 — as  only  one-half 
of  the  distillate  was  used  for  the  estimation — gives  the  total 
quantity  of  hydrocyanic  acid  which  was  present  in  the  mass 
examined,  or  that  has  been  produced  by  the  decomposition  of 
cyanide  of  potassium. 

2.  If  the  preliminary  examination  has  shown  the  presence  of  317 
ferrocyanides  or  ferricyanides  or  of  thiocyanates,  the  method  de- 
scribed in  1  (315)  cannot  be  used  for  the  separation  of  the  hydro- 
cyanic acid.    In  that  case,  one  of  the  following  methods  must  be 
substituted  for  it. 

a.  Method  which  may  be  employed  when  either 
ferrocyanides,  ferricyanides,  or  thiocyanates  are 
present.  If  the  substance  to  be  examined  is  acid,  a  solution 
of  pure  potassa  is  added  until  the  reaction  is  neutral,  and  then 
a  cold  concentrated  solution  of  bicarbonate  of  soda.  The 
mixture  is  distilled  in  the  apparatus  described  in  1  (315)> 
and  the  distillate  examined  for  hydrocyanic  acid.  The  addition 
of  a  very  large  amount  of  bicarbonate  of  soda  may  be  avoided 
by  adding  only  a  small  quantity  of  the  bicarbonate  to  the 
neutral  or  slightly  alkaline  contents  of  the  retort,  and  passing 
a  regulated  stream  of  carbonic  acid  through  the  retoi-t  during 
the  distillation.  Neither  ferrocyanide,  mercuric  cyanide,  nor 
thiocyanates  yield  any  hydrocyanic  acid  when  treated  in  this 
way.  (Jaquemin,*  Beckurts  and  Schonfeld,t  R. 
Otto,:}:  Taylor, II  H.  Struve.^)  If  ferricyanide  of  potas- 
sium is  present,  however,  the  distillation  should  not  be  con- 
tinued for  more  than  half  an  hour,  so  as  to  be  absolutely 
certain  that  no  hydrocyanic  acid  has  been  produced  by  its 
decomposition.  (Barfoed.) 

h.  Methods  which  serve  to  obviate  the  disturbing 
effect  of  ferrocyanides  and  ferricyanides,  but  not 
■  that  of  thiocyanates. 

a.  If  ferrocyanide  of  potassium  is  present,  ferric  chloride  318  • 
is  added  in  slight  excess  to  the  substance  to  be  tested,  diluted 
with  water  if  necessary,  and  slightly  acidified  with  hydro- 

*  Ann.  Chim.  Phys.,  [6],  4,  135. 

+  Arch.  Pharm.,  21,  576  ;  Zeit.  aual.  Cliem.,  23,  116. 

X  F.  J.  Otto,  Ausn'iitielung  tier  GIfle,  sixth  edition,  p.  .34. 

II  Zeit.  anal.  Chem.,  24,  256.  H  Ibid.,  12,  24. 
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chloric  acid — if  ferricyanide  of  potassium  is  present,  ferrous 
sulphate  must  be  used — the  precipitate  is  separated  by 
filtration  if  possible,  and  the  solution,  now  free  from 
ferrocyanides  and  ferricyanides,  is  treated  as  in  1  (315) 
(v.  Pollnitz,  Dragendorft",  Alm^n,*  Ludwig,  and 
Mauthnerf).  If  the  precipitate  cannot  be  separated, 
the  whole  is  transferred  to  a  flask,  and  a  current  of  air  is 
passed  through  it  at  the  ordinary  temperature,  and  then 
into  dilute  soda  solution.  A  portion  of  the  latter  is  sub- 
sequently tested  for  cyanide  of  sodium  and  hydrocyanic 
acid  as  in  §  155,  G,  7,  and  9,  and  the  remainder  reserved 
for  the  estimation  of  the  cyanogen  as  in  1, 

/3.  The  substance,  diluted  with  water  if  necessary,  is  slightly  319 
acidified  with  tartaric  acid  and  well  shaken  with  its  own 
volume  of  ether ;  the  layer  of  ether  is  then  removed,  and 
the  aqueous  liquid  again  shaken  with  ether.    The  ethereal 
^         extracts   are  free  from  hydroferrocyanic  and  hydroferri- 

■  cyanic  acid,  but  contain  the  hydrocyanic  acid  originally 
m         present  in  the  cyanide  of  potassium.    This  hydrocyanic  acid 

■  can  be  removed  from  the  ethereal  extract  by  shaking  it  up 
B  with  water  containing  a  little  soda,  and  may  then  be  tested 
I         as  in  2,  6,  a  (318)-    (Barfoed,  Beckurts,  and  Schon- 

■  feld.J)  This  method,  however,  cannot  be  recommended 
I  when  cyanide  of  mercury  is  present,  as,  although  some  of  it 
m         is  taken  up  by  the  ether  on  agitating  its  aqueous  solution 

■  with  the  latter,  the  proportion  is  but  small. 

"  3.  If  the  pi-eliminary  tests  A.  1,2,  and  3  have  given  negative  320 
results,  and  it  is  undesirable  to  rely  on  the  guaiacum  test  alone  to 
prove  the  absence  of  hydrocyanic  acid,  the  substance  may  be  treated 
as  in  2,  a  (317);  ^^^(^  the  distillate  tested  for  hydrocyanic  acid.  In 
order  to  test  for  cyanide  of  mercury  in  the  residue,  chloride  of 
sodium  and  excess  of  oxalic  acid  are  added,  and  the  distillation 
continued ;  the  cyanogen  in  the  cyanide  of  mei-cury,  or  at  all 
events  most  of  it,  will  then  pass  over  with  the  distillate  as  hydro- 
cyanic acid. 

III.  Method  foe  the  Detection  of  Phosphorus. 

§  227. 

Since  phosphorus'  paste  has  been  employed  to  poison  mice,  &c.,  321 
and  the  poisonous  action  of  lucifer  matches  has  become  more  ex- 
tensively known,  phosphorus  has  not  unfrequently  been  resorted 
to  as  a  means  of  committing  murder.  The  chemist  is  therefore 
occasionally  called  upon  to  examine  some  article  of  food,  or  the  con- 
tents of  a  stomach,  for  this  substance.  It  is  obvious  that,  in  cases 
of  the  kind,  his  whole  attention  must  be  directed  to  the  separation 
of  the  phosphorus  in  the  free  state,  or  to  the  obtaining  of  reactions 
which  will  enable  him  to  infer  the  presence  of  free  phosjohorus  ;  the 
mere  finding  of  phosphorus  in  the  form  of  phosphates  would  prove 
notliing,  as  phosphates  are  invariably  constituents  of  animal  and 
vegetable  substances. 

*  Chem.  Centr.,  J  872,  439.      t  Zeit.  anal.  Chem.,  20,  G04.       J  lUd.  23,  117. 
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All  unnecessary  deliiy  must  be  avoided,  as  any  free  iihosphorus 
which  may  be  present  will  be  oxidized  by  the  action  of  the  aii-, 
first  of  all  to  phosphorous  acid,  and  then  to  phosphoric  acid,  in 
which  case  no  opinion  can  be  formed  as  to  whether  the  phosphorus  H 
was  originally  present  in  the  free  state  or  not.  As,  however, 
small  particles  of  phosphorus  when  inclosed  in  mucilaginous 
organic  substances  may  remain  for  a  considerable  time  before  they 
are  completely  oxidized  to  phosphoric  acid,  free  phosphorus  can  often 
be  detected  in  dead  bodies  even  when  examined  several  weeks  after 
death  (Neumann,*  Dragendorff,t  Fischer  and  J.  Muller,t 
Elvers, II  Medicusf.  The  evidence  afforded  by  some  of  the 
methods  now  about  to  be  described  may  be  inconclusive,  however, 
as  V.  Selmi's  **  researches  have  proved  that  volatile  phosphorus 
compounds  are  formed  in  the  putrefaction  of  albumin,  brain-sub- 
stance, and  portions  of  dead  bodies,  especially  the  intestines,  and 
that,  even  when  preserved  in  spirit ;  these  phosphorus  compounds 
are  soluble  in  ether  and  bisulphide  of  carbon,  and  turn  solutions 
of  nitrate  of  silver  brown. 

In  the  examination  of  dead  bodies,  the  liver,  brain,tt  blood,  and 
urine     must  all  be  tested  as  well  as  the  stomach  and  intestines. 

A.  Detection  of  Uncxidizecl  Phosjplwrus. 
1.  Preliminary  Examination. 

a.  In  the  first  place,  it  must  be  ascertained  whether  the  sub-  322  J 
stance  contains  free  phosphorus  as  indicated  by  its  odour  or  by 
its  luminosity  in  the  dark,  ||  ||  and  to  this  end  the  contact  of  the  phos- 
phorus with  the  air  must  be  increased  by  rubbing,  stu-ring,  or 
shaking. 

h.  A  little  of  the  substance  is  put  into  a  flask,  into  which  a  323; 
cork  is  loosely  inserted  having  fastened  to  its  under  side  a  strip  of 
filtering-paper  moistened  with  a  neutral  solution  of  nitrate  of 
silver,  and  the  whole  heated  to  30°  or  40°.  If  the  paper  does  not 
turn  black,  even  after  some  time,  no  imoxidized  phosphorus  is 
present ;  it  is  therefore  scarcely  necessary  to  try  the  methods  given 
in  2,  and  the  operator  may  at  once  pass  on  to  336.  Ifj  on  the 
other  hand,  the  paper  turns  black,  this  is  not  a  positive  proof  of  the 
presence  of  phosphorus,  as  sulphuretted  hydrogen  (this  may  be 
tested  for  by  a  strip  of  paper  moistened  with  lead  solution  or  with 
chloride  of  antimony),  formic  acid,  putrefying  matters,  &c.,  will 
also  cause  blackening  of  the  paper ;  the  bulk  of  the  substance  is 

*  Taylor-Seideler,  Gifte,  II.  179. 

t  His  Ermittelung  von  Ch'ften,  p.  102,  second  editioa  (St.  Petersburg). 

X  Zeit.  anal.  Chem.,  15,  57.  ||  CLem.  Centr.,  1877,  70. 

•[[  Zeit.  anal.  Chem.,  19,  94.       **  Ber.  dent.  chem.  Ges.,  9,  1127,  and  11,  1691.' 

tf  As  the  brain  is  ricb  in  phosphorus,  and  putrefied  brain-substance  when  dis-f 
tilled  with  water  always  gives  a  distillate  containing  jjhosphorus,  it  is  better  to* 
examine  it  separately. 

t+  In  regard  to  the  peculiar  character  and  behaviour  of  urine  in  cases  of. 
phosphorus  poisoning,  see  Selmi,  Zeit.  anal.  Chem.,  14,  232,  and  21,  481,  andu 
V.  Mering,  ibid.,  16,  507. 

III!  It  should  be  remembered  that  the  presence  of  free  phosphorus  cauuotbC' 
inferred  with  certainty  by  its  luminosity  in  the  dark,  as  there  are  many  other  sub-i 
stances  which  have  a  phosphorescent  ajipcarancc. 
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treated  by  the  methods  given  in  2,  a  and  b,  or  by  one  of  the  other 
methods  in  2  (T.  Scherer,  Ann.  Chem.  Pharm.,  112,  214). 

2.  Complete  Examination. 
a.  By  Distillation  with  Water. 

This  excellent  and  approved  method,  recommended  by  E.  324 
Mitscherlich,*  is  founded  on  the  fact  that  phosphorus  is  vola- 
tile with  water  vapour  and  becomes  luminous. 


Fig.  45. 


The  larger  portion  of  the  substance  is  mixed  with  water  and 
some  sulphuric  acidf  or — if  hydrocyanic  acid  is  being  tested  for  at 

*  Jour.  pr.  Chem.,  66,  238. 

t  If  it  is  suspected  that  the  phosphorus  occurs  in  the  form  of  hicifer  matches, 
Hager  (Zeit.  anal.  Chem.,  10,  2.55)  recommends  the  addition  of  ferrous  chloride 
or  sulphate,  so  as  to  neutralize  the  effect  of  the  oxidizing  substance  present  in  the 
matclies.  , 
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the  same  time — tartaric  acid,  and  the  mixture  submitted  to  distil- 
lation in  a  flask  A  (fig.  45)  ;  it  is  best  to  heat  it  in  a  paraffin- 
bath,  and  to  keep  it  in  gentle  ebullition.  This  flask  is  connected 
with  an  evolution  tube  bb,  and  the  latter  again  with  a  glass  con- 
densing-tube  ckl,  which  passes  through  the  wider  glass  cooling- 
tube,  in  which  it  is  fastened  by  means  of  india-rubber  corks  and 
opens  into  the  small  flask  G.  Cold  water  is  made  to  run  from  the 
stopcock  a  into  a  funnel  c  ;  the  warm  water  flows  off"  through  e. 

Now,  if  the  substance  in  A  contains  phosphorus,  there  will 
appear,  in  the  dark,  at  the  point  where  the  steam  enters  the  con- 
densing-tube  in  the  upper  part,  a  distinct  luminosity,  usually  a 
luminovis  ring  which  moves  up  and  down.  If  150  grams  of  a 
mixture  containing  only  I'o  mgrm.  of  phosphorus,  that  is,  only  1 
part  in  100,000,  is  taken  for  distillation,  more  than  90  grams  may 
be  distilled  over  without  the  luminosity  ceasing,  and  this  will  take 
at  least  half  an  hour.  Mitscherlich,  in  one  of  his  experiments, 
stopped  the  distillation  after  half  an  hour,  allowed  the  flask  to 
stand  uncorked  a  fortnight,  and  then  re-commenced  the  distilla- 
tion :  the  luminosity  was  as  strong  as  at  first.  Instead  of  the 
apparattis  given  in  the  illustration,  an  ordinary  condenser  can  be 
used  if  it  is  made  entirely  of  glass,  Hager*  recommends  a  con- 
denser of  somewhat  difierent  form. 

If  the  liquid  contains  substances  which  prevent  the  luminosity 
of  phosphorus,  such  as  ether,  alcohol,  benzene,  light  petroleum,  oil 
of  turpentine,  and  many  other  volatile  oils,  no  luminosity  is  ob- 
served so  long  as  these  substances  continue  to  distil  over.  As 
ether  and  alcohol,  however,  soon  distil  over,  the  luminosity  very 
speedily  makes  its  appearance ;  but  oil  of  turpentine  and  other 
ethereal  oils  positively  stop  the  reaction. 

Fi'ee  sulphur  does  not  interfere  with  the  phosphorescence,  but 
sulphuretted  hydrogen,  whether  it  is  present  or  is  set  free  on 
acidifying  the  mixture,  must  be  decomposed  by  adding  some  ferric 
chloride  before  beginning  the  distillation.  Suljjhurous  acid  and 
chlorine  also  prevent  the  phosphorescence. 

If  any  considerable  quantity  of  phosphorus  is  present,  globules  325 
of  it  will  be  found  at  the  bottom  of  the  receiver  used  for  collecting 
the  distillate.  From  150  grams  of  a  mixture  containing  0"02  gram 
phosphorus,  Mitscherlich  obtained  so  many  globules  of  it  that 
the  tenth  part  of  them  would  have  been  amply  sufficient  to  de- 
monstrate that  it  was  phosphorus.  In  forensic  analyses,  these 
globules  should  first  be  washed  with  alcohol,  then  weighed.  A 
portion  may  afterwards  be  subjected  to  a  confirmatory  examina- 
tion, to  make  quite  sure  that  it  really  is  phosphorus  ;  the  remainder, 
together  with  a  portion  of  the  liquid  which  exhibits  the  luminosity 
when  distilled,,  should  be  sent  in  with  the  report. 

The  operation  should  be  conducted  in  a  perfectly  dark  room, 
best  in  the  evening.  Where  it  is  performed  in  the  da}i;ime,  care 
should  be  taken  that  no  light  whatever  enters  the  darkened  room, 
as,  otherwise,  the  rays  of  light  entering  through  some  chink  or 
crevice  may  chance  to  be  reflected  by  the  glass  vessel  or  by  the 
liquids,  and  thus  lead  to  deception.  It  is  advisable  to  pass  the 
evolution-tube  at  b  through  the  aperture  of  a  screen,  so  as  to 
♦  Pharm.  Central.,  1870,  465  ;  Zeit.  anal.  Cbem.,  10,  255. 
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guard  eftectively  against  any  reflection  of  light  from  the  si^irit- 
lamp  or  gas-lamp.  These  precautionary  measures  are  of  coui-se 
necessary  only  when  very  minute  traces  of  phosphorus  are  to  be 
detected. 

The  residue  left  in  the  flask  is  then  examined  for  phosphoi'ous  326 
acid  as  directed  336-  The  distillate  also  may  be  further  examined 
in  the  same  way,  to  confii-m  the  presence  of  phosphorus,  or  to  show 
the  presence  of  phosphorous  acid  formed  by  the  oxidation  of  phos- 
phorus fumes.*  If,  however,  this  is  to  be  employed  merely  for  an 
approximate  estimation  of  the  free  phosphorus  originally  present, 
the  distillation  is  continued  until  the  luminous  appearance  ceases, 
and  then  the  contents  of  the  receiver  are  treated  with  chlorine  so 
as  to  convert  both  the  phosphorus  and  the  phosphorous  acid  into 
phosphoric  acid  ;  the  latter  is  then  estimated  by  j)recipitation  with 
magnesia  mixture,  concentrating  the  solution  if  necessary.  Twice 
the  weight  of  the  phosphorus  in  the  phosphoric  acid  found  will 
give  the  quantity  of  phosphorus  originally  present ;  the  amount 
of  phosphorus  calculated  in  this  way  is  generally  rather  below  than 
above  the  quantity  actually  present.f 

If  the  nature  of  the  material  being  examined  for  phosphorus  327 
is  such  that  it  is  likely  to  give  rise  to  bumping,  it  is  convenient  to 
conduct  the  distillation  in  a  flask  heated  on  a  sand-bath,  and  to 
pass  a  current  of  steam  through  the  boiling  liquid.  If  the  apparatus 
is  previously  filled  with  carbonic  acid,  and  the  distillation  in  a 
ciu-rent  of  steam  continued  sufficiently  long,  almost  the  whole  of 
the  free  phosphorus  present  will  pass  over  into  the  receiver 
(M.  BuchnerJ). 

It  should  be  noted  that  the  fact  that  phosphoric  acid  has  been 
found  in  the  distillate  after  treatment  with  chlorine  is  not  evidence 
that  free  phosphorus  was  originally  present  in  the  substance,  even 
disregarding  the  possibility  of  traces  of  any  phosphoric  acid  which 
might  be  present  being  carried  over  mechanically  through  spirting. 
This  mil  easily  be  seen  on  referring  to  Selmi's  researches 
mentioned  on  p.  380. 

h.  By  Distilling  off  the  Phosphorus  in  a  Current  of 

Carbonic  Acid. 

As  in  the  process  described  in  a  the  phosphorescent  appearance  328 
is  often  prevented  by  the  presence  of  certain  substances,  it  is 
always  advisable  to  treat  another  portion  by  the  method  devised 
by  Neubauer  and  the  author.||     For  this  purpose,  the  sub- 
stance, with  the  addition  of  water  if  necessary,  is  introduced 

*  If  the  substance  contains  both  hydrocyanic  acid  and  phosphorus,  the  former 
will  pass  over  first,  whilst  the  phosphorus  is  found  in  the  latter  portions  of  the 
distiUate  ;  it  is  better,  therefore,  to  collect  the  first  15  c.c.  of  the  distillate  separ- 
ately, and  to  examine  this  for  hydrocyanic  acid,  the  subsequent  portions  for 
phosphorxis. 

t  If  the  apparatus  used  is  not  too  large,  and  the  distillate  is  conducted  so  that 
the  phosphorescent  light  is  always  in  the  condenser  and  never  in  the  flask  or 
leadmg  tube  and  moreover  is  continued  until  there  is  no  luminous  appearance  in  a 
perfectly  dark  room,  at  least  one-half  of  the  free  phosphorus  distils  over  and  under 
peculiarly  favourable  circumstances,  three-fourths  (L.  Mever  0  Sobiffpr 
decker,  Zeit.  anal.  Chem.,  11,  279).  '  '^•'^-^i°er- 

X  Zeit.  anal.  Chem.,  14,  165.  ||  Jbid.,  1,  330 
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into  ii  flask  with  a  doubly  perforated  cork,  acidified  with  dilute 
sulphuric  acid,  and  a  slow  current  of  washed  carbonic  ticid  from  a 
Kipp's  apparatus  (fig.  38,  p.  175)  passed  into  the  flask,  through  a 
glass  tube  reaching  nearly  to  the  bottom,  whilst  the  gas  issuing 
from  the  other  glass  tube  is  passed  through  one  or  two  U  tubes 
containing  a  neutral  solution  of  nitrate  of  silver.  When  the  flitsk 
if  filled  with  carbonic  acid,  it  is  gently  warmed  on  the  water-bath. 
The  operation  should  be  continued  for  several  hours,  and  if  free 
phosphorus  is  present,  it  will  volatilize  unoxidized  in  the  carbonic 
acid  stream,  then  pass  into  the  silver  solution,  where  it  will  be 
partly  convei-ted  into  black  phosphide  of  silver,  partly  into  phos- 
phoric acid  and  metallic  silver.  If  no  precipitate  is  formed,  it  may 
be  safely  concluded  that  no  unoxidized  phosphorus  Ls  present,  but, 
on  the  other  hand,  the  formation  of  a  precipitate  is  not  sufficient 
proof  of  the  presence  of  phosphorus,  as  the  precipitate  may  be 
due  to  the  action  of  volatile  reducing  agents  or  to  sulphuretted 
hydrogen. 

If  a  precipitate  is  formed,  it  is  collected  on  a  filter  which  has  329 
been  well  washed  with  dilute  nitric  acid  and  water,  and  washed. 
The  phosphide  of  silver  in  it  may  be  detected  by  Blondlot's 
improved  modification  of  Dusart's  method,*  substituting,  how- 
ever, for  the  apparatus  used  by  Blondlot,  the  one  shown  in 
fig.  46,  which  maybe  easily  constructed. 


Fig.  46, 


a  is  a  hydrogen  apparatus,  h  contains  pumice-stone  moistened 
with  concentrated  solution  of  potassa  to  absorb  any  sulphuretted 
hydrogen,  c  is  a  common  clip,  cl  a  screw  clip,  e  a  platinum  jet  which 
is  kept  cool  by  tying  moistened  cotton  round  it.  This  platinum  jet 

*  Zeit.  anal.  Chem.,  1,  129.  Accordiug  to  Bloudlot,  the  org.anic  matter  to  be 
tested  is  treated  directly  with  zinc  and  snlphiiric  acid  (this  cannot  be  recom- 
mended), and  the  evolved  gases  passed  into  a  silver  solution. 
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is  indispensable  to  the  production  of  a  colourless  hydrogen 
flame,  as  the  sodu  in  the  glass  will  always  colour  the  flame 
yellow.* 

To  ascertain  whether  the  zinc  and  "sulphuric  acid  will  give  a  gas 
quite  free  from  phosphuretted  hydrogen,  the  evolution  is  allowed 
to  go  on  a  short  time,  then  c  is  closed  until  the  liquid  has  ascended 
from  a  to /;  d  is  now  closed,  c  opened,  and  d  regulated  by  means 
of  the  screws  so  as  to  obtain  a  suitable  flame.  If  the  flame,  viewed 
in  a  dax-k  place,  is  colourless,  showing  no  trace  of  a  green  cone  in 
the  centre,  and  no  emerald-green  coloration  when  the  flame  is 
allowed  to  impinge  upon  a  j)iece  of  porcelain  as  in  Marsh's  ex- 
periment, the  hydrogen  may  be  considered  pure ;  it  is  advisable  to 
repeat  this  experiment.  The  precipitate  under  examination  is  now 
rinsed  into /  with  a  little  water,  taking  care  that  every  particle  of 
it  reaches  a,  and  the  experiment  is  repeated  as  before.  If  the  pre- 
cipitate contains  even  a  minute  trace  of  phosphide  of  silver,  the 
green  cone  in  the  centre  of  the  flame  and  the  emerald-green  colora- 
tion will  be  distinctly  visible. 

The  excess  of  silver  in  the  filtrate  from  the  silver  precipitate  is  330 
removed  by  hydrochloric  acid,  and  the  solution  filtered  through  a 
filter  which  has  been  well  washed  with  acid  and  water ;  the  hydro- 
chloric acid  is  then  removed  by  repeated  evaporation  with  nitric 
acid  on  the  water-bath,  and  the  residue  is  taken  up  with  nitric  acid, 
and  tested  for  phosphoric  acid  with  a  nitric  acid  solution  of 
molybdate  of  ammonia,  or  with  a  mixture  of  sulphate  of  magnesia, 
chloride  of  ammonium,  and  ammonia. 

By  the  employment  of  this  method,  the  author  has  been  able 
to  detect  phosphorus  with  the  greatest  certainty  in  the  head  of  a 
single  lucifer  match  which  had  been  mixed  with  a  large  quantity 
of  putrefying  blood,  and  also  in  the  presence  of  such  substances 
as  prevent  the  appearance  of  phosphorescence  in  Mitscherlich's 
method.  The  green  flame  coloration  and  the  detection  of  phosphoric 
acid  in  the  filtrate  from  the  phosphide  of  silver,  however,  is  not 
such  conclusive  evidence  of  the  presence  of  phosphorus  as  the 
appearance  of  phosphorescence  in  Mitscherlich's  process,  at 
all  events  when  examining  decomposing  animal  matter.  (See 
Selmi's  experiments,  p.  380). 

If  there  is  suflicient  phosphorus  present  to  allow  of  a  quan-  331 
titative  determination  being  made,  Scherer's  modification  of 
Mitscherlich's  method f  may  be  employed,  as  the  process  de- 
scribed in  326  gives  only  approximate  results.  For  this  purpose 
another  portion  of  the  substance  is  acidified  with  sulphuric  acid,  and 
distilled  m  an  atmosphere  of  carbonic  acid,  ferrous  sulphate  being 
added  if  necessary  (see  note  f,  p.  381).  With  respect  to  this,  the 
author  suggests  that  the  distilling  flask  should  be  furnished  with 
a  doubly  perforated  cork,  a  current  of  pure  carbonic  acid  beino- 
passed  m  until  the  apparatus  is  filled  with  it,  when  the  passing  the 
carbonic  acid  should  be  discontinued.  A  fiask  with  doubly  per- 
forated cork  is  used  as  a  receiver ;  the  mouth  of  the  condensing- 
tube  pa.sses  through  one  of  the  openings,  whilst  into  the  other  is 

«n/  ^^^T^  manner  in  which  hydrogen  containing  phosphorus  burnR 

and  which  renders  the  use  of  the  platinum  jet  indispensable,  sei  332^  ' 

T  Ann.  Chem.  Pharm.,  112,  21G. 

QUAL. 
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inserted  a  bent  glass  tube,  which  leads  to  a  U  tube  containing  a 
solution  of  pure  nitrate  of  silver. 

When  the  distillation  is  over,  minute  globules  of  phosphoi'us 
are  found  in  the  receiver.  A  moderate  stream  of  carbonic  acid  is 
now  once  more  passed  through  the  apparatus,  and  a  gentle  heat 
applied,  with  the  object  of  causing  the  phosphorus  to  agglomerate 
in  larger  globules ;  they  are  then  washed  and  weighed  as  in 
Mitscherlich's  method.  The  liquid  poured  off  the  phosphorus 
globules  is  luminous  in  the  dark  when  shaken.  It  requires,  how- 
ever, a  larger  proportion  of  phosphorus  to  obtain  distinct  luminosity 
in  this  way  than  when  it  is  distilled  with  water  as  in  324-  The 
phosphorus  in  this  liquid  may  be  oxidized  by  nitric  acid  or  chlorine, 
and  determined  as  phosphoric  acid.  To  estimate  quantitatively 
the  whole  of  the  phosphorus,  the  contents  of  the  U  tube  is  aLso 
treated  with  nitric  acid,  the  silver  thrown  down  by  hydrochloric 
acid,  filtered  through  a  washed  filter,  concenti-ated  in  a  porcelain 
dish,  the  phosphoric  acid  precipitated  as  phosphate  of  magnesia 
and  ammonia,  and  finally  weighed  as  pyrophosphate  of  magnesia. 
The  phosphoric  acid  from  the  liquid  or  from  the  contents  of  the 
U  tube  can  only  be  considered  with  certainty  as  being  derived  from 
free  phosphorus,  when  care  has  been  taken  that  none  of  the  boiling 
liquid  has  spirted  over,  and  if  there  are  no  putrid  brains,  &c.,  in 
the  substance  examined.    (See  Selmi,  p.  380.) 

c.  By  Distilling  off  tlie  Phosphorus  in  a  Current 

of  Hydrogen. 

As  in  Blondlot's  method,  where  the  substance  to  be  tested  332 
for  phosphorus  is  treated  with  zinc  and  sulphuric  acid,  it  is 
difficult  to  test  the  residiie  for  other  poisons.  Dal  mo  n  *  jjroposes 
to  pass  a  current  of  pure  hydrogen  through  the  organic  mixture 
containing  phosphorus;  under  these  circumstances,  the  hydrogen 
takes  up  phosphorus.  The  gas  is  allowed  to  escape  through  a  tube 
bent  upwards  at  right  angles  and  drawn  out  to  a  jet,  a  mode- 
rately long  and  narroAV  glass  tube  being  placed  over  the  flame  as 
with  a  singing  flame.  If  phosphorus  is  present,  the  flame  con- 
tracts and  becomes  green,  bvit  without  emitting  any  sound. 
Neubauer,"!"  who  confirms  Dalmon's  statement,  remarks  that 
the  escaping  phosphorized  hydrogen  (not  ignited)  appears  luminous 
in  a  dark  room. 

d.  By  Distillation  with  Alcohol. 

If  the  substance  to  be  examined  has  been  jjreserved  in  spu'it,  it  333 
is  better  to  employ  H.  Hager's  \  method.  Some  sulphuric  acid  is 
added  to  the  mixture,  and,  if  lucifer  matches  are  suspected,  some 
ferrous  chloride  also,  and  the  spirit  then  distilled  ofi"  on  a  water- 
bath.  There  is  no  phosphorescence,  but  the  alcoholic  distillate 
contains  phosphorus  if  it  was  originally  present  in  the  mixture. 
By  repeating  the  distillation  with  fresh  quantities  of  spirit,  and  if 

*  Jour.  Chim.  Med,  1870,  123.  t  Zeit.  anal.  Chem.,  10,  132. 

X  Pharm,  Centrallaalle,  1870,  465,  and  Zeit.  anal.  Cliem,,  10,  256. 
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the  amount  of  the  free  phosphorus  is  but  small,  the  whole  of  it 
will  be  found  in  the  distillate.  A  test-tube  is  then  filled  one-third 
with  water,  10  drops  of  the  first  alcoholic  distillate  added,  and  the 
whole  shaken  in  the  dark  ;  the  presence  of  phosphorus  is  indicated 
by  the  empty  space  in  the  tube  appearing  luminous.  The  phos- 
phorized  spu-it  turns  a  solution  of  nitrate  of  silver  or  sulphate  of 
copper  brown  or  black,  with  separation  of  the  metal  or  a  metallic 
phosphide,  and  formation  of  phosphorous  acid.  By  means  of  lead- 
paper,  it  is  easy  to  ascertain  whether  the  blackening  is  due  to 
^sulphuretted  hydrogen  or  not. 

c.  By  Agitation  with  Solvents  wliicli  are  Immiscible 

with  Water. 

If  organic  substances  containing  free  phosphorvis  are  suspended  334 
in  water  and  agitated  with  solvents  of  phosphorus  immiscible  with 
water,  the  phosphorus  is  taken  up  by  the  solvent,  and  remains 
behind  on  cautiously  evaporating  the  latter  ;  it  is  advisable  to  add 
a  little  water  before  evaporating,  so  as  to  protect  the  phosphorus 
from  the  oxidizing  action  of  the  atmosphere.  Selmi*  recommends 
bisulphide  of  carbon;  v.  Lassaigne  t  and,  more  recently,  van 
Bastelaer,j:  ether  ;  whilst  H.  Hager  ||  proposes  the  use  of  light 
petroleum.  When  the  solvent  has  been  almost  entirely  removed 
by  spontaneous  evaporation  at  the  ordinary  temperature,  and  the 
residue  is  poured  out  on  to  a  flat  plate  in  the  dark,  as  a  rule  it  at 
once  shows  phosphorescence.  The  residue  can  also  be  further 
tested  by  one  of  the  methods  already  given.  In  order  to  obtain 
the  phosphorus  as  pure  as  possible,  van  Bastelaer  recommends 
that  the  fatty  residue  left  on  evaporating  the  ethereal  extract  along 
with  a  little  water  should  be  heated  to  50°— 60° ;  the  melted  fat  con- 
taining the  phosphorus  is  then  repeatedly  agitated  with  concen- 
trated aqueous  ammonia  to  dissolve  and  remove  the  former,  and 
the  phosphorus,  which  is  scarcely  acted  on  by  the  ammonia,  is 
washed  first  with  water  containing  a  little  sulphuric  acid,  and 
lastly  with  water, 

Dusart's  method,^  in  which  the  substance  to  be  examined  is  335 
extracted  with  a  mixture  of  equal  volumes  of  bisulphide  of  carbon, 
ether,  and  alcohol  containing  sulphur,  so  far  resembles  those  of 
Lipowitz  **  and  E.  Mulder  ff  ;  but  it  differs  from  theirs  in  the 
subsequent  treatment  of  the  residue  of  sulphur  containing  phos- 
phorus which  is  left  on  the  evaporation  of  the  solvent.  For 
details  of  these  little-vised  methods,  the  reader  is  referred  to  the 
original  papers, 

B.  Detection  of  Phosphorous  Acid. 

If  the  attempts  to  detect  phosphorus  have  failed,  the  sub-  330 
stance  must  be  examined  to  see  whether  the  first  product  of  its 
•oxidation,  that  is,  phosphorous  acid,  is  present  or  not,    For  this 

*  Ber,  deut,  chem.  Ges.,  6,  289.  +  Pharm.  Centralbl.,  1850.  360 

X  Zeit.  anal.  Chem.,  13,  .350.  ||  Jhid.,  20,  321.  1  lUd.,  15  505 
**  Ann.  Phys.  Chem.,  90,  600,  and  Chem.-pharm.  Centralbl.,  1854  157* 
+t  Zeit.  anal.  Chem.,  2,  111.  '  ' 
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purpose,  the  residue  left  in  the  distilling  flask  in  326  or  from  328, 
331,  or  329,  is  transferred  to  the  apparatus,  fig.  46,  p.  384,  and 
note  taken  as  to  whether  the  coloration  of  the  hydrogen  fl.ame  (329) 
reveals  the  presence  of  phosphorus  ( W  o hi  e r ) .  Should  this  be  the 
case,  the  end  in  view  is  attained ;  if  not,  the  presence  of  organic 
substances  may  be  the  preventive  cause.  If,  therefore,  the  flame 
remains  uncoloured,  the  pinch-cock  should  be  shut  at  once,  and  the 
apparatus  connected  with  a  U  tube  containing  solution  of  neutral 
nitrate  of  silver ;  the  clip  is  again  opened,  and  the  gas  allowed  to 
pass  for  many  hours,  in  a  slow  stream,  through  the  silver  solution, 
rf  phosphorous  acid  is  present,  a  precipitate  containing  phosphide 
of  silver  will  separate  in  the  silver  solution  ;  this  must  be  examined 
according  to  329-* 

3.  Examination  of  the  Inorganic  Constituents  of  Plants, 
Animals,  or  Parts  of  the  same,  of  Manures,  &c.  (Ash 
Analysis.) 

§  228. 

A.  Peeparation  of  the  Ash. 

It  is  sufficient  for  the  purposes  of  a  qualitative  analysis  to  inci-  337' 
nerate  a  comparatively  small  quantity  of  the  substance,  which  must 
previously  be  most  carefully  cleaned.  The  incineration  is  efFected 
best  in  a  small  clay  muffle,  but  the  substance  may  be  burned  also 
in  a  Hessian  crucible  placed  in  a  slanting  position,  or,  under  certain 
circumstances,  even  in  a  porcelain  or  platinum  dish,  with  the  aid 
of  a  wide  glass  tube  or  lamp-glass,  to  increase  the  draught.  The 
heat  must  always  be  moderate,  to  prevent  the  volatilization  of 
certain  constituents,  especiaUy  of  chlorides,  and  it  is  not  always 
necessary  to  continue  the  combustion  until  all  the  carbon  is  con- 
sumed. With  ashes  containing  a  large  proportion  of  fusible  salts, 
such  as  the  ash  of  beet-root  molasses,  it  is  best,  after  it  has  been 
thoroughly  carbonized,  to  boil  the  charred  mass  with  water,  and 
finally  to  incinerate  the  washed  and  dried  residue.  Por  further 
particulars,  see  Quantitative  Analysis,  sixth  edition,  §  284. 

B.  Examination  of  the  Ash. 

As  the  qualitative  analysis  of  an  ash  is  undertaken,  either  as  33& 
a  practical  exercise,  or  for  the  purpose  of  determining  its  general 
character  and  the  state  in  which  any  given  constituent  may  happen 
to  be  present  or  also  with  a  view  to  make,  as  far  as  practicable,  an 
approximate  estimation  of  the  quantities  of  the  several  constituents, 
it  is  usually  the  best  way  to  examine  separately  the  part  soluble 
in  water,  the  part  soluble  in  hydrochloric  acid,  and  the  residue 
wHch  is  insoluble  in  both.  This  can  be  done  the  more  readily,  as 
the  number  of  substances  to  be  looked  for  is  but  small. 

*  W  Herapath's  statement  (Pharm.  Jonrn.,  1865,  7,  57.3),  that  phosphoric 
acid  is  also  reduced  by  zinc  and  dilute  sulphuric  acid  is  not  in  accordance  with  the 
facts  ;  compare  the  author's  paper  in  the  Zeit,  anal.  Ohem.,  6,  -03. 
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a.  ExcLmination  of  the  Part  Soluble  in  Water. 

The  ash  is  boiled  with  water,  filtered,  and,  whilst  the  residue  is 
being  washed,  the  filtrate  is  examined  as  follows  : — 

1.  Hydrochloric  acid  in  excess  is  added  to  a  portion,  after  it  339 
has  been' ignited,  the  whole  warmed  and  allowed  to  stand.  Effer- 
vescence indicates  carbonic  acid  in  combination  with  alkalies ; 

the  odour  of  sulphuretted  hydrogen  indicates  the  sulphide  of  an 
alkali  metal,  formed  from  an  alkaline  sulphate  by  the  reducing 
action  of  the  carbon.  Turbidity  from  separation  of  sulphur,  with 
odour  of  sulphurous  acid,  denotes  a  hyposulphite  (which  occurs 
occasionally  in  the  ash  of  coal).  The  solution  is  filtered  if  neces- 
sary, and  chloiide  of  barium  added  ;  a  white  precipitate  indicates 
sulphuric  acid. 

2,  Another  portion  of  the  extract  is  evaporated  to  a  small  340 
volume,  hydrochloric  acid  added  to  acid  reaction  (effervescence 
indicates  carbonic  acid),  a  few  drops  tested  for  boric  acid  with 
turmeric  (§  144,  G),  and  the  rest  evaporated  to  dryness,  and  the 
residue  treated  with  hydrochloric  acid  and  water;  if  anything 
remains  undissolved,  it  is  silicic  acid.  The  solution  is  filtered, 
evaporated  to  dryness  repeatedly  with  nitric  acid,  and  tested  for 
phosphoric  acid  with  molybdic  acid  solution  (§  142,  10). 

||  3.  Nitrate  of  silver  is  added  to  another  portion  as  long  as  a  341 
precipitate  is  formed;  it  is  then  warmed  gently,  and  ammonia 
cautiously  added  ;  if  a  black  residue  is  left,  this  consists  of  sulphide 
of  silver,  formed  from  the  sulphide  of  an  alkali  metal  or  from  a 
hyposulphite.  The  ammoniacal  solution  is  filtered  if  necessary, 
nitric  acid  added  in  slight  excess  to  dissolve  the  phosphate  of 
silver  thrown  down,  leaving  the  chloride  (iodide,  bromide)  of 
silver.  This  is  filtered  off,  and  the  filtrate  carefully  and  exactly 
neutralized  with  ammonia.  If  a  light  yellow  precipitate  is  produced, 
the  phosphoric  acid  found  in  340  was  present  in  the  tribasic,  if  a 
white  precipitate,  it  was  present  in  the  bibasic  form.  A  portion  of 
the  aqueous  solution  of  the  ash  is  tested  for  iodine,  bromine,  and 
chlorine,  according  to  178  and  180-* 

4.  Another  portion  is  heated  with  hydrochloric  acid,  then  342 
made  alkaline  with  ammonia,  oxalate  of  ammonia  added,  and  the 
mixture  allowed  to  stand;  a  white  precipitate  indicates  lime. 
This  is  filtered  off,  and  the  filtrate  mixed  with  ammonia  and 
phosphate  of  soda ;  a  crystalline  precipitate,  which  often  becomes 
visible  only  after  long  standing,  indicates  magnesia.  (Magnesia 

is  often  found  in  distinctly  appi-eciable,  lime  only  in  exceedingly 
minute  quantity,  even  where  alkaline  carbonates  and  phosphates 
are  present.) 

5.  Potassa  and  soda  are  tested  for  as  directed  in  168,  a  or 
0,  according  as  to  whether  magnesia  is  present  or  not. 

*  In  order  to  test  with  certainty  for  halogens  in  animal  or  vegetable  matter,  a 
separate  sample  should  be  charred  with  the  addition  of  carbonate  of  soda,  and  the 
a([ueous  extract  of  the  residue  examined  (see  Quantitative  Analysis,  sixth 
«dition,  vol.  II.). 
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6.  Lit  hi  a,  which  is  much  more  frequently  found  in  ashes 
than  has  hitherto  been  beheved,  and  oxide  of  rubidium,  which 
almost  constantly  accompanies  potassa,  may  be  most  readily  de- 
tected by  means  of  the  spectroscope  in  the  residue  consisting  of 
the  alkali  salts  (§  93). 

h.  JExamination  of  the  Part  Insoluble  in  Water. 

The  greater  part  of  that  portion  of  the  ash  which  is  insoluble  343 
in  water  is  warmed  with  hydrochloric  acid  (if  it  contains  much 
carbonaceous  matter,  it  should  be  incinerated  first):  effervescence 
indicates  carbonic  acid  combined  with  alkaline  earths;  evolu- 
tion of  chloiine  denotes  oxides  of  manganese.  The  whole  is 
evaporated  to  dryness  with  a  few  drops  of  dilute  sulphuric  acid, 
heated  a  little  more  strongly  to  separate  the  silicic  acid,  the 
residue  moistened  with  hydrochloric  acid  and  some  nitric  acid, 
water  added,  and  the  solution  warmed  and  filtered  from  the  in- 
soluble residue;  this  and  the  solution  are  then  examined  as 
follows : — 

a.  Solution. 

aa.  A  portion  is  tested  with  sulphuretted  hydi'ogen ;  if  this  344: 
produces  any  other  than  a  pure  white  precipitate,  it  must  be  ex- 
amined in  the  usual  way.  (The  ashes  of  plants  occasionally 
contain  copper  ;  if  the  plant  has  been  manured  with  excrements 
deodorized  by  nitrate  of  lead,  they  may  contain  lead,  and 
so  on.) 

hh.  Ammonia  is  added  to  a  portion  of  the  solution  until  the 
precipitate  formed  no  longer  re-dissolves  on  stirring ;  then  acetate 
of  ammonia  and  some  acetic  acid  until  the  solution  is  distinctly 
acid.  This  produces,  in  most  cases,  a  white  precipitate  of  ferric 
phosphate,  mixed  occasionally  with  phosphate  of  alumina. 
The  precipitate  is  collected,  washed,  heated  with  pure  potash, 
filtered,  and  the  filtrate  tested  for  alumina  by  acidifying  with 
hydrochloric  acid,  adding  ammonia,  and  warming ;  the  residue  in- 
soluble in  potash  may,  if  necessary,  be  dissolved  in  hydrochloric 
acid,  and  the  solution  tested  for  iron  with  sulphocyanate  of  potas- 
sium. If  the  filtrate  from  the  ferric  phosphate  is  reddish,  there 
is  more  iron  present  than  corresponds  with  the  phosphoric  acid  ; 
if  it  is  coloui-less,  ferric  chloride  is  added  droj?  by  drop  until  the 
solution  has  a  reddish  tint.  (The  quantity  of  the  precipitated 
ferric  phosphate  here  formed  will  give  some  idea  of  the  amount 
of  phosphoric  acid  present.)  The  original  reddish  solution,  or 
that  which  has  become  reddish  on  the  addition  of  more  ferric 
chloride,  is  heated  to  boiling ;  if  it  does  not  become  colourless,  more 
acetate  of  ammonia  must  be  added,  and  it  must  be  boiled  again, 
filtered  hot,  the  filtrate  neutralized  Avith  ammonia,  avoiding  any 
great  excess,  and  filtered  again  if  necessary.  Sulphide  of  ammonium 
is  added  to  the  filtrate  in  a  flask  which  should  be  nearly  filled  Avith 
the  mixture,  then  closed  and  allowed  to  stand  for  some  time.  The 
I)recipitate  is  collected  and  tested  for  manganese  and  zinc  (the 
latter  is  seldom  present),  according  to  139-  The  liquid  which  is 
not  precipitated  by  sulphide  of  ammonium,  or  which  has  been 
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filtered  from  the  sulphide  of  ammonium  precipitate,  is  tested  for 
lime  (which  may  contain  a  little  strontia)  and  magnesia,  ac- 
cording to  §  195  and  §  196. 

/3.  Residue. 

The  residue  insoluble  in  hydrochloric  acid  may  contain  the  345 
silicic  acid  which  has  separated  on  treating  with  hydrochloric  acid, 
any  baryta  which  may  be  present,  the  greater  part  of  the  strontia, 
also  some  lead  in  the  form  of  sulphate  of  lead,  and  lastly  those 
ingredients  of  the  ash  which  are  insoluble  in  hydrochloric  acid. 
These  are,  in  most  ashes,  sand,  clay,  carbon — substances,  therefore, 
which  are  present  in  consequence  of  defective  cleaning  or  imperfect 
combustion  of  the  plants,  or  matter  derived  from  the  crucible.  It 
is  only  the  ashes  of  the  stalks  of  cereals  and  others  abounding  in 
silicic  acid  that  are  not  completely  decomposed  by  hydrochloric 
acid. 

The  washed  residue  is  boiled  for  a  long  time  with  solution  of 
carbonate  of  soda  in  excess,  filtered  hot,  the  residue  washed  with 
boihng  water,  and  the  filtrate  tested  for  silicic  acid  by  evaporation 
with  hydrochloric  acid  (§  150,  2).  The  portion  of  the  residue 
which  is  not  dissolved  by  this  treatment  is  heated  with  very  dilute 
nitric  acid,  and  the  solution  tested  in  the  ordinary  way  for  lead, 
baryta,  and  strontia. 

If  the  ash  was  of  a  kind  to  be  completely  decomposed  by  hy- 
drochloric acid,  the  analysis  may  be  considered  finished — for  the 
accidental  admixture  of  clay  and  sand  will  rarely  interest  the  ana- 
lyst sufficiently  to  warrant  a  more  minute  examination  by  fusing. 
But  if  the  ash  is  very  rich  in  silicic  acid,  and  it  is  suspected  that 
it  has  not  been  completely  decomposed  by  the  hydrochloric  acid, 
half  of  the  residue  insoluble  in  solution  of  carbonate  of  soda  (and 
which  has  been  exhausted  with  dilute  nitric  acid  and  washed  with 
water)  is  boiled  down  to  dryness  with  excess  of  pure  soda  solution 
in  a  silver  or  platinum  dish.  This  decomposes  the  silicates  of  the 
ash,  whilst  it  attacks  the  sand  but  Httle.  It  is  now  acidified  with 
hydrochloric  acid,  evaporated  to  dryness,  and  examined  as  in  343- 
For  the  detection  of  the  alkalies  in  the  portion  insoluble  in  water, 
the  other  half  of  the  washed  residue  is  employed,  treating  it  ac- 
cording to  228.  If  alkalies  are  found,  these  can  only  be  regarded 
as  derived  from  the  ash  if  the  latter  was  free  from  clay  and  othei- 
impurities  which  might  contain  alkalies. 

2.  The  remainder  of  the  ash  which  has  been  exhausted  with 
water  maybe  tested  for  fluorine  according  to  §  146,  6.  As,  how- 
ever, flxiorine  is  lost  duiing  the  incineration  of  organic  substances 
containing  fluorine  (Tammann*),  and  that  which  remains  may, 
under  certain  circumstances,  pass  into  the  aqueous  solution,  a. 
separate  sample  must  be  examined  for  fluorine  if  it  is  desired  to 
ascertain  with  certainty  whether  that  element  is  present  in  the 
vegetable  or  animal  substance.  For  this  purpose,  the  sample  must 
be  boiled  down  to  dryness  with  pure  potash  or  soda  solution,  in  • 
cinerated,  and  the  ash  tested  according  to  §  146,  G. 


*  Zeit.  anal.  Chem.,  24,  .342. 
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SECTION  III. 

EXPLANATORY  NOTES  AND  ADDITIONS 

TO  THE 

SYSTEMATIC  COURSE  OF  ANALYSIS. 

I.  EEMAEKS  ON  THE  PEELIMINAEY  EXAMINATION. 
To  §§  176-178. 

_  A  CONSIDERATION  of  the  physical  properties  of  a  substance,  especially 
if  it  IS  not  a  mixture,  may,  as  already  stated,  in  many  cases  enable  the 
analyst  to  draw  some  general  inference  as  to  its  natui-e.  Thus,  for 
instance,  if  the  substance  is  white,  it  may  be  at  once  concluded  that  it 
is  not  cinnabar,  or  if  a  light  substance,  that  it  is  not  a  compound  of 
lead,  &c.  Inferences  of  this  kind  are  quite  admissible  and  advisable  to 
a  certain  extent ;  but,  if  carried  too  far,  they  are  apt  to  prejudice  the 
operator  and  mislead  him  by  blinding  him  to  reactions  which  are  not 
exactly  in  accordance  with  his  preconceived  notions. 

As  regards  the  examination  of  substances  at  a  high  temperature, 
platinum  foil  or  small  iron  spoons  may  also  be  used  in  the  process ;  the 
glass  tube,  however,  in  most  cases  gives  results  more  clearly  evident, 
and  has  the  advantage  that  the  nature  of  volatile  substances  can  be 
more  easily  ascertained,  and  they  are  less  likely  to  escape  detection.  It 
is  sometimes  advisable  also  to  heat  the  substance  in  a  short  glass  tube, 
open  at  both  ends,  and  held  in  a  slanting  position  to  ascertain  what  the 
products  of  its  oxidation  may  be ;  small  quantities  of  a  metaUic  sul- 
phide, for  instance,  may  be  readily  detected  by  this  means  (§  156,  7). 
If  a  subhmate  is  formed  when  the  substance  is  heated  in  the  glass 
tube  (9),  care  must  be  taken  when  heating  it  on  charcoal  (H)  not  to 
inhale,  to  any  extent,  the  noxious  vapours  evolved  from  mercury  salts 
or  other  volatile  and  poisonous  metallic  compounds. 

With  respect  to  the  preliminary  examination  by  means  of  the  blow- 
pipe, the  student  cannot  be  too  strongly  impressed  that  he  must  avoid 
drawing  positive  conclusions  until  he  has  acquii-ed  considerable  ex- 
perience. A  shght  incrustation  of  the  charcoal,  which  may  seem  to 
denote  the  presence  of  a  certain  metal,  is  not  always  a  conclusive 
proof  of  its  presence ;  neither  is  it  safe  to  assume  the  absence  of  a 
substance  simply  because  it  is  not  reduced  in  the  blowpipe  flame,  or 
because  nitrate  of  cobalt  does  not  impart  a  colour  to  the  ignited  mass. 
The  blowpipe  reactions  are,  indeed,  in  most  cases  unerring,  but  it  is 
not  always  easy  to  produce  them,  and  they  are  moreover  liable  to  be 
modified  by  accidental  circumstances. 

Lastly,  it  may  be  mentioned  that  many  beginners,  believing  that 
they  will  be  able  easily  to  ascertain  the  nature  of  the  substance  in  the 
ordinary  course  of  analysis,  omit  the  preliminary  examination  altogether 
as  a  waste  of  time  and  trouble.  As  an  example  of  the  efTect  of  this, 
the  student  who  proceeds  in  this  way  may  spend  hours  in  testing  for 
the  different  organic  acids,  and  in  the  end  find  that  none  are  present, 
as  he  would  have  learned  at  once  if  ]ie  had  made  a  preliminary 
examination. 
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II.  REMAEKS  ON  THE  SOLUTION,  ETC.,  OF  SUBSTANCES. 

To  §§  179-181. 

If  the  behaviour  towards  solvents  of  the  substances  in  the  different 
classes  mentioned  in  §  179  is  considered,  they  will,  with  the  exception 
of  tlie  metals  themselves,  appear  to  be  more  sharply  divided  than  they 
really  are.  This  uncertainty,  which  often  cavises  beginners  to  make 
mistakes,  applies  especially  to  the  sparingly  soluble  substances,  lying 
as  tliey  do  on  the  border  line  between  the  soluble  and  insoluble ;  on 
this  account,  it  is  advisable  to  give  some  additional  information  on  this 
subject. 

It  is  a  task  of  some  difficvilty  to  draw  a  sharp  Hne  between  sub- 
stances soluble  in  water  and  those  which  are  insoluble,  since  the  number 
of  substances  which  are  sparingly  soluble  in  water  is  very  considerable, 
and  the  transition  from  sparingly  soluble  to  insoluble  is  very  gradual. 
Sulphate  of  lime,  which  is  soluble  in  about  500  parts  of  water,  may 
perhaps  be  taken  as  the  hmit  between  the  two  classes^  as  it  can  be 
detected  with  the  greatest  certainty  in  aqueous  solution  by  the  delicate 
reagents  which  we  possess  for  lime  and  sulphuric  acid. 

When  an  aqueous  liquid  is  examined  by  evaporating  a  few  drops 
of  it  upon  platinum  foil,  to  see  whether  it  holds  any  solid  substance  in 
solution,  a  very  minute  residue  sometimes  remains,  which  leaves  the 
analyst  in  doubt  respecting  the  nature  of  the  substance.  In  cases  of 
the  kind  the  reaction  of  the  liqiiid  is  first  tested  with  litmus-papers; 
a  drop  of  solution  of  chloride  of  barium  is  then  added  to  a  portion  of 
it ;  and  lastly,  to  another  portion  some  carbonate  of  soda.  If  the  liquid 
is  neutral,  and  no  change  is  produced  by  the  reagents,  it  is  not  neces- 
sary, as  a  rule,  to  examine  further  for  bases  or  acids.  The  analyst  may 
therefore  feel  assured  that  the  substance  of  which  the  residue  left  on 
evaporation  consists  will  be  more  readily  detected  in  the  class  of  com- 
pounds insoluble  in  water,  as  both  the  acids  and  bases  which  form 
sparingly  soluble  compounds  are  readily  detected  by  the  reagents  just 
employed. 

If  water  has  dissolved  any  part  of  the  substance  under  examination, 
it  is  as  well  to  examine  the  solution  both  for  acids  and  bases,  as  the 
nature  of  the  compound  present  can  be  ascertained  in  this  way  more 
readily  and  with  greater  certainty — two  advantages  which  will  amply 
counterbalance  the  drawback  of  sometimes  meeting  with  the  same 
substance  both  in  the  aqueous  and  in  the  acid  solution. 

The  following  substances,  with  few  exceptions,  ai-e  insoluble  in 
water,  but  soluble  in  hydrochloric  acid  or  in  nitric  acid  :  the  phosphates, 
arsenates,  arsenites,  borates,  carbonates,  and  oxalates  of  the  earths  and 
metals ;  also  several  tartrates,  citrates,  malates,  benzoates,  salicylates, 
and  succinates ;  the  oxides  and  sulphides  of  the  heavy  metals  ;  alumina, 
magnesia ;  many  of  the  metallic  iodides  and  cyanides,  &c.  Nearly  the 
whole  of  these  compounds  are,  indeed,  decomposed,  if  not  by  dilute, 
by  boiling  concentrated  hydrochloric  acid ;  *  but  this  gives  rise  to  the 
formation  of  insoluble  or  sparingly  soluble  compounds,  if  oxide  of 
silver,  mercurous  oxide,  or  lead  is  present.  This  does  not  occur  with 
nitric  acid,  so  that  the  latter  often  completely  dissolves  the  substance 


'  For  the  exceptions,  see  §  203. 
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where  hydrochloric  acid  would  leave  a  residue.  On  the  other  hand, 
however,  nitric  acid  leaves  undissolved  not  only  the  compounds  in- 
soluble in  any  simple  acid,  but  also  teroxide  of  antimony,  stannic 
oxide,  peroxide  of  manganese,  binoxide  of  lead,  &c.,  and  dissolves  many 
other  substances  less  readily  than  hydrochloric  acid— ferric  oxide  and 
alumina,  for  example. 

Substances  insoluble  in  water  are  therefore,  briefly,  to  be  treated  as 
follows  : — An  attempt  must  be  made  to  dissolve  them  in  hydrochloric 
acid,  dilute  or  concentrated,  cold  or  boiling ;  if  this  fails  or  does  not 
completely  dissolve  them,  a  fresh  portion  must  be  treated  with  nitric 
acid;  if  they  are  insoluble  in  this,  the  substance  must  be  warmed  with 
aqua  regia,  which  is  an  excellent  solvent,  particularly  for  metallic 
sulphides.  In  most  cases,  it  is  neither  necessary  nor  desirable  to 
examine  separately  the  solution  in  hydrochloric  acid  or  in  nitric  acid, 
on  the  one  hand,  and  that  in  nitro-hydrochloric  acid  on  the  other ; 
neither  is  it  advisable  to  prepare  a  solution  in  nitric  acid  or  in  aqua 
regia,  if  the  nature  of  the  substance  does  not  absolutely  demand  it,  as 
a  solution  in  hydrochloric  acid  is  much  better  suited  for  precipitation 
with  sulphuretted  hydrogen.  It  is  unadvisable  also  to  concentrate 
a  solution  in  aqua  regia  by  evaporation  for  the  purpose  of  driving  off 
the  excess  of  acid,  as  volatile  chlorides,  such  as  mercuric  chloride,  may 
be  volatilized,  in  part  at  all  events ;  on  this  account  it  is  always  best  to 
use  no  more  of  the  acid  mixture  than  is  necessary  to  effect  solution. 
Solutions  prepared  with  hydrochloric  acid  generally  contain  the  metallic 
oxides  in  the  same  state  of  oxidation  as  they  were  originally  (except 
peroxides,  and  also  mercurous  oxide,  since  mercurous  chloride  by  pro- 
tracted boiling  with  hydrochloric  acid  is  gradually  decomposed  into 
mercury  and  mercuric  chloride).  If,  however,  solutions  are  prepared 
with  nitric  acid  or  aqua  regia,  the  metallic  oxides  frequently  pass  into 
a  higher  state  of  oxidation ;  thus,  for  instance,  ferrous  oxide,  stannous 
oxide,  and  arsenious  acid  are  converted  into  ferric  oxide,  stannic  oxide, 
and  arsenic  acid. 

With  regard  to  the  dissolution  of  metals  and  alloys,  it  is  to  be  noted 
that,  on  boiling  them  with  nitric  acid,  white  precipitates  will  frequently 
form,  even  when  neither  tin  nor  antimony  is  present  (45)-  The  in- 
experienced student  often  confounds  such  precipitates  with  the  oxides 
of  these  two  metals,  although  their  appearance  is  quite  different ; 
these  precipitates  are  merely  nitrates,  sparingly  soluble  in  nitric  acid, 
but  readily  soluble  in  water.  It  is  necessary,  therefore,  to  ascertain 
Avhether  these  white  precipitates  are  soluble  in  water  or  not,  before  it  is 
inferred  that  they  consist  of  tin  or  antimony. 

III.  ADDITIONAL  EEMAEKS  TO  THE  ACTUAL  EXAMINATION. 

To  §§  182-204. 

A.  General  Review  and  Explanation  op  the  Analytical. 

COUBSE. 

a.  Detection  of  the  Bases. 

The  classification,  of  the  bases  into  six  groups,  and  the  methods  which 
serve  to  detect  and  isolate  them  individually,  have  been  fully  explained 
in  Part  I.,  Section  III.  These  groups  are  in  general  identical  with 
those  into  which  the  bases  are  separated  in  the  ordinary  course  of 
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analysis;  and  the  systematic  course,  from  §  189  to  §  198,  is  founded 
upon  this  classification  into  groups  and  the  subsequent  detection  of  the 
individual  members  of  the  group.  It  is,  of  course,  necessaiy  to  give 
some  practical  details  as  to  the  method  to  be  followed  when  an  actual 
analysis  is  to  be  made.  For  this  purpose,  however,  much  will  have  to 
be  considered  which  is  not  necessary  for  understanding  the  purely 
theoretical  part  of  the  process,  and  which  would  moreover  interfere  with 
the  conciseness  advisable  in  a  summary ;  on  this  account,  the  principles 
of  the  methods  employed  for  the  separation  of  the  bases  into  groups 
will  be  considered  in  the  first  place.  With  respect  to  the  detection  of 
the  individual  bases,  the  stvident  is  referred  to  the  recapitulations  and 
remarks  in  §§  88-134. 

The  general  reagents  which  are  used  in  analysis  to  divide  the  bases 
into  principal  groups  are — hydrochloric  acid,  sulphuretted 
hydrogen,  sulphide  of  ammonium,  and  carbonate  of  am- 
monia: this  is  likewise  the  order  in  which  they  are  successively 
applied.  Sulphide  of  ammonium  performs  a  double  part ;  sulphide  of 
sodium  is  sometimes  substituted  for  it. 

Suppose  all  the  bases  are  in  the  solution,  together  with  arsenious  and 
arsenic  acids,  and  also  phosphate  of  lime  (which  may  serve  as  a  type  of 
the  salts  of  the  alkaline  earths  soluble  in  acids  and  reprecipitated  un- 
altered by  ammonia),  that  is,  all  the  substances  to  be  tested  for  in  the 
systematic  examination  for  bases. 

Chlorine  forms  insoluble  compounds  only  with  silver  and  mercury ; 
chloride  of  lead  is  sparingly  soluble  in  water.  The  insoluble  mercurous 
chloride  corresponds  with  mercurous  oxide.  If,  therefore,  we  add  to 
the  solution  : 

1.  Hydrochloric  Acid,  the  metallic  oxides  of  the  first  division  of 
the  fifth  group  will  be  removed,  that  is,  the  whole  of  the  oxide  of 
silver  and  the  whole  of  the  mercurous  oxide.  From  concentrated 
solutions,  a  portion  of  the  lead  may  likewise  be  precipitated  as  chloride, 
but  this  is  immaterial,  as  a  sufficient  quantity  of  the  lead  remains  in  the 
solution  to  allow  of  its  subsequent  detection. 

Sulphuretted  hydrogen  completely  precipitates  the  oxides  of  the 
fifth  and  sixth  groups  from  solutions  containing  a  free  mineral  acid ; 
none  of  the  other  bases,  however,  is  precipitated  under  these  circum- 
stances, since  the  sulphides  of  the  metals  of  the  first  and  second  groups 
are  soluble  in  water,  quite  apart  from  the  fact  that  their  sulphides  cannot 
possibly  be  formed  in  acid  solutions ;  as  regards  those  of  the  third  group, 
sulphide  of  aluminium  and  sulphide  of  chromium  cannot  possibly  be 
formed  in  the  humid  way;  and  those  of  the  fourth  group  because, 
although  insoluble  in  water,  they  cannot  be  formed  in  the  presence  of 
excess  of  a  mineral  acid. 

If,  therefore,  after  the  oxide  of  silver  and  mercurous  oxide  have 
been  removed  by  means  of  hydrochloric  acid,  we  add  to  the  solution, 
which  still  contains  free  hydrochloric  acid, 

2.  Siilphuretted  Hydrogen,  the  remainder  of  the  oxides  of  the 
fifth  and  of  the  sixth  group  are  removed,  namely,  the  oxides  of 
lead,  mercury,  copper,  bismuth,  and  cadmium,  also  the 
oxides  of^  gold  and  platinum,  stannous  and  stannic 
oxides,  oxide  of  antimony,  arsenious  acid,  and  arsenic 
acid.    All  the  other  oxides  remain  in  solution,  either  unaltered,  or 
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reduced  to  a  lower  degree  of  oxidation,  for  example,  ferric  oxide, 
chromic  acid,  &c. 

The  sulphides,  or  at  all  events  the  higher  sulphides  corresponding 
with  the  oxides  of  the  sixth  group,  possess  the  property  of  combining 
with  basic  metallic  sulphides  (the  sulphides  of  the  alkali  metals)  to 
form  sulphur  salts  soluble  in  water ;  the  sulphides  corresponding  with  the 
oxides  of  the  fifth  group,  however,  do  not  possess  this  property,  or  only 
to  a  limited  extent*  If,  therefore,  the  whole  of  the  sulphides  preci- 
pitated from  an  acid  solution  by  sulphuretted  hydrogen  Ls  treated  with 

3.  Sulphide  of  Ammonium  (or,  it  maybe.  Sulphide  of  Sodium), 

with  addition,  if  necessary,  of  some  sulphur  or  yellow  sulphide  of  am- 
monium, the  sulphides  of  mercury,  lead,  copper,  bismuth,  and  cadmium 
remain  undissolved,  whilst  the  other  sulphides  dissolve  as  double  com- 
pounds of  sulphide  of  gold,  platinum,  antimony,  tin,  arsenic, 
with  sulphide  of  ammonium  (or  sulphide  of  sodium),  and  on  adding 
hydrochloric  acid  to  this  solution  are  precipitated  again,  either  unaltered, 
or  in  a  state  of  higher  sulphuration  (they  take  up  sulphur  from  yellow 
sulphide  of  ammonium) ;  the  acid  having  decomposed  the  sulphur  salt 
formed.  The  sulphur  base  (sulphide  of  ammonium  or  sulphide  of 
sodium)  is  decomposed  by  the  hydrochloric  acid  into  chloride  and 
sulphuretted  hydrogen,  whilst  the  liberated  sulphur  acid  is  precipitated ; 
sulphur  will  be  precipitated  at  the  same  time  if  the  sulphide  of  am- 
monium contains  an  excess  of  that  element.  It  should  be  noted  that 
this  sulphur  makes  the  precipitated  sulphides  appear  of  a  lighter  colour. 

The  sulphides  corresponding  with  the  oxides  which  still  remain  in 
solution  are  in  part — as  those  of  the  alkalies  and  alkahne  earths — 
soluble  in  water;  others — as  those  of  alumina  and  sesquioxide  of 
chromium — are  decomposed  by  water  into  hydrated  oxides  and  sul- 
phuretted hydrogen ;  whilst  the  rest — as  those  of  the  fourth  group — 
are  insoluble  in  water  :  the  latter  would,  therefore,  have  been  pre- 
cipitated by  the  sulphuretted  hydrogen  but  for  the  free  acid  present. 
If,  therefore,  this  free  acid  is  removed,  that  is,  if  the  solution  is  made 
alkaline,  and  then  treated  with  more  sulphuretted  hydrogen,  if  required, 
or,  what  is  the  same  thing,  if 

4.  Sulphide  of  Ammonium  is  added  to  the  solution,  f  the  sulphides 
corresponding  with  the  oxides  of  the  fourth  group  will  be  thrown  down, 
namely,  the  sulphides  of  iron,  manganese,  cobalt,  nickel, 
and  zinc.  But  in  conjunction  with  them,  hydrate  of  alumina, 
hydrated  sesquioxide  of  chromium,  and  phosphate  of  lime 
are  precipitated,  because  the  acids  which  keep  the  alumina  and  the 
sesquioxide  of  chromium,  and  that  which  keeps  the  phosphate  of  lime, 
in  solution  are  converted  into  salts  of  ammonia,  and  the  sulphuretted 
hydrogen  set  free  is  incapable  of  entering  into  combination  with  the 
liberated  oxides  or  with  the  phosphate  of  lime. 

There  remain  now  in  solution  only  the  alkaline  earths  and  the 

*  Sulphide  of  mercury  combines  witli  sulphide  of  potassium  and  suljihide  of 
sodium,  but  not  with  sulphide  of  ammonium  ;  sulphide  of  copper  dissolves  a  little 
in  sulphide  of  ammonium,  but  not  in  sulphide  of  potassium  or  sulphide  of  sodium. 

t  The  free  acid  in  this  should  be  previously  almost  ueutralized  with  ammonia,  to 
l^revent  unnecessary  evolution  of  sulphuretted  hydrogen  :  and,  if  uecessar}^  chloride 
of  ammonium  should  also  be  added  to  prevent  the  precipitation  of  magnesia  by 
ammonia. 
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alkcalies.  The  neutral  carbonates  of  the  former  are  practically  insoluble 
in  water,  whilst  those  of  the  latter  are  soluble.  If,  therefore,  we  now 
add 

5.  Carbonate  of  Ammonia,  together  with  a  little  pui^e  ammonia, 
to  f^uard  a^rainst  the  possible  formation  of  bicarbonates,  as  in  that 
ease  the  whole  of  the  alkaline  earths  Avould  not  be  precipitated.  This 
is,  however,  true  only  of  baryta,  strontia,  and  lime;*  magnesia, 
owing  to  its  tendency  to  form  double  compounds  with  ammonia  salts, 
is  only  partly  precipitated ;  whilst  the  presence  of  a  salt  of  ammonia 
altogether  prevents  its  precipitation,  at  least  for  a  considerable  time. 
In  order  to  guard  against  any  uncertainty  arising  fropi  this  cause, 
chloride  of  ammonium  should  be  added  before  adding  the  carbonate  of 
ammonia,  and  the  mixture,  after  remaining  for  a  short  time  at  a  gentle 
heat,  is  filtered,  so  that  the  precipitation  of  the  magnesia  may  be 
entirely  prevented. 

Magnesia  and  the  alkalies  still  remain  in  solution.  The  mag- 
nesia may  be  detected  by  means  of  phosphate  of  soda  and  ammonia ;  but 
as  the  presence  of  phosphoric  acid  would  interfere  with  the  further 
progi-ess  of  the  analysis,  it  has  to  be  separated  by  a  different  method 
founded  on  the  insokibility  of  hydrate  of  magnesia.  The  substance  is 
first  ignited  in  order  to  expel  the  salts  of  ammonia,  chloride  of  barium 
is  added  to  remove  sulphuric  acid  and  other  acids  forming  insoluble 
baryta  salts,  as  these  would  render  the  detection  of  the  alkalies  more 
difficult,  and  then  the  magnesia  is  thrown  down  by  hydrate  of  baryta  or 
•milk  of  lime,  the  alkalies  remaining  in  solution,  together  with  the 
soluble  salts  of  baryta  or  lime.  On  adding  carbonate  of  ammonia,  the 
compoiinds  of  baryta  or  lime  are  removed  from  the  solution,  which  now 
only  contains  the  fixed  alkalies,  the  salts  of  ammonia  formed,  and  the 
excess  of  carbonate  added ;  if  the  salts  of  ammonia  are  expelled  by 
ignition,  the  residue  contains  nothing  but  salts  of  fixed  alkalies.  As 
carbonate  of  baryta  and  carbonate  of  Hme  are  not  absolutely  insoluble 
in  salts  of  ammonia,  however,  and  on  evaporation  with  chloride  of 
ammonium  give  carbonate  of  ammonia  and  chloride  of  barium  or 
chloride  of  calcium,  it  is  usually  necessary,  after  the  removal  of  the 
ammonia  salts  by  ignition,  to  precipitate  once  more  with  a  little  car- 
bonate of  ammonia  and  a  few  drops  of  ammonia,  in  order  to  obtain  a 
solution  perfectly  free  from  baryta  or  lime,  in  which  the  potassa  and 
soda  can  be  detected  without  difficulty. 

Lastly,  the  ammonia  must  be  tested  for  in  a  fresh  portion  of  the 
substance. 

h.  Detection  of  the  Acids. 

Before  passing  on  to  the  examination  for  acids  and  halogens,  it  is 
necessary  to  consider  which  of  these  may  be  expected  to  be  present, 
judging  from  the  nature  of  the  bases  found  and  the  class  to  which  the 
substance  under  examination  belongs  as  regards  its  solubility,  so  as  not 

*  It  has  been  already  mentioned  in  §  99  that  traces  of  these  bases  remain  in 
solution  partly  because  their  carbonates  are  not  absolutely  insoluble  in  water,  but 
chiefly  because  they  are  appreciably  soluble  in  chloride  of  ammonium.  On  this 
account,  it  is  necessary  to  test  the  liltrate  from  the  carbonate  of  ammonia  preci- 
pitate with  sulphate  and  oxalate  of  ammonia  (162).  In  the  general  explanation  of 
the  course  given  in  the  text,  these  traces  of  baryta,  strontia,  and  lime  are  not 
taken  into  account. 
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to  make  unnecessary  experiments.  The  table  in  Appendix  IV.  will  be 
found  useful  for  this  purpose. 

The  general  reagents  used  for  the  detection  of  the  acids  are,  for  the 
inorganic  acids,  chloride  of  barium  and  nitrate  of  silver,  for  the 
organic  acids  chloride  of  calcium  and  ferric  chloride.  First  of 
all,  therefore,  it  is  necessary  to  ascertain  whether  the  substance  under 
examination  contains  inorganic  acids  only,  or  whether  organic  acids 
must  also  be  looked  for.  The  latter  is  invariably  the  case  if  the  suljstance 
turns  black  and  carbonizes  when  ignited.  In  the  examination  for 
bases,  the  general  reagents  serve  to  effect  the  actual  separation  of  the 
several  groups  of  bases  from  each  other ;  but  in  the  examination  for 
acids  they  serve  chiefly  to  demonstrate  the  presence  or  absence  of  the 
acids  belonging  to  the  different  groups. 

Suppose,  as  in  the  case  of  the  bases,  that  the  whole  of  the  acids  are 
present  in  aqueous  solution — say,  in  combination  with  soda. 

Baryta  forms  insoluble,  or  sparingly  soluble,  compounds  with  sul- 
phuric acid,  phosphoric  acid,  arsenious  acid,  arsenic  acid,  carbonic  acid, 
silicic  acid,  boric  acid,  chromic  acid,  oxalic  acid,  tartaric  acid,  and  citric 
acid;  fluoride  of  barium  also  is  insoluble,  or  at  least  only  sparingly 
soluble  ;  all  these  compounds  are  soluble  in  hydrochloric  acid,  with  the 
exception  of  sulphate  of  baryta.  If,  therefore,  to  a  portion  of  the 
nevitral  or,  if  necessary,  neutralized  solution 

1.  Chloride  of  Barium  is  added,  the  formation  of  a  precipitate 
shows  that  at  least  one  of  these  acids  is  present.  If  a  residue  is  left 
undissolved  on  heating  the  precipitate  with  hydrochloric  acid,  it  at  once 
becomes  evident  whether  sulphuric  acid  is  present  or  not,  as  all  the 
salts  of  baryta  are  soluble  in  this  menstruum,  with  the  exception  of 
the  sulphate.  If  sulphuric  acid  is  present,  the  re-action  with  chloride 
of  barium  cannot  be  used  for  the  detection  of  all  the  other  acids  above 
mentioned ;  for  on  filtering  the  hydrochloric  solution  of  the  precipitates 
and  supersaturating  the  filtrate  with  ammonia,  the  borate,  tartrate, 
citrate,  &c.,  of  baryta  do  not  always  fall  down  again,  being  kept  in 
solution  by  the  chloride  of  ammonium  formed.  For  this  reason, 
chloride  of  barium  cannot  be  employed  to  separate  the  whole  of  the 
acids  named,  and,  except  as  regards  sulphuric  acid,  no  value  can  be 
attached  to  it  as  a  means  of  effecting  their  individual  detection.  It  is, 
however,  of  great  importance  as  a  reagent ;  for  if  it  gives  no  pre- 
cipitate in  the  neutral  solution  a  large  number  of  acids  are  at  once 
excluded. 

The  compounds  of  silver  with  sulphur,  chlorine,  iodine,  bromine, 
cyanogen,  ferrocyanogen  and  ferricyanogen,  and  of  oxide  of  silver  with 
phosphoric  acid,  arsenious  acid,  arsenic  acid,  boric  acid,  chromic  acid, 
silicic  acid,  oxalic  acid,  tartaric  acid,  and  citric  acid  are  insoluble  or 
sparingly  soluble  in  water.  All  these  compounds  are  soluble  in  dilute 
nitric  acid,  except  the  chloride,  iodide,  bromide,  cyanide,  ferrocyanide, 
ferricyanide,  and  sulphide  of  silver.  If,  therefore,  a  precipitate  is 
formed  on  adding 

2.  Nitrate  of  Silver,  the  solution,  which,  for  the  reason  just  now 
stated,  must  be  quite  neutral,  this  shows  at  once  that  one  or  more  of 
the  acids  enumerated  is  present :  chromic  acid,  arsenic  acid,  and  several 
others,  which  form  coloured  salts  with  silver,  may  be  individually 
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recognized  with  tolerable  certainty  by  the  colour  of  the  precipitate. 
By  treating  the  precipitate  with  nitric  acid,  the  presence  of  sulphide  of 
silver  or  of  any  of  the  haloid  compounds  of  silver  can  be  at  once 
recognized,  as  these  remain  undissolved,  whilst  all  the  oxide  salts 
dissolve.  Nitrate  of  silver  cannot  be  used  for  the  complete  separation 
of  those  acids  which  form  compounds  with  oxide  of  silver  insoluble  in 
water,  from  the  same  cause  which  renders  the  separation  of  acids  by 
chloride  of  barium  itncertain  ;  the  ammoniacal  salt  formed  prevents 
the  reprecipitation,  by  ammonia,  of  sevei-al  of  the  salts  of  silver  from 
the  acid  solution.  Nitrate  of  silver  is  useful  not  only  in  the  separation 
of  chlorine,  iodine,  bromine,  cyanogen,  &c.,  and  in  indicating  the 
presence  of  chromic  acid,  &c.,  but  also,  like  chloride  of  barium,  to  prove 
the  absence  of  many  acids,  when  it  produces  no  precipitate  in  neutral 
solutions. 

The  behaviour  of  the  solution  with  these  two  reagents,  therefore, 
indicates  at  once  the  further  coiu-se  of  the  investigation.  Thus,  for 
instance,  if  chloride  of  barium  gives  a  precipitate,  and  nitrate  of  silver 
does  not,  it  is  unnecessary  to  test  foi-  phosphoric  acid,  chromic  acid, 
boric  acid,  silicic  acid,  arsenious  acid,  arsenic  acid,  oxalic  acid,  tartaric 
acid,  and  citric  acid,  provided  always  the  solution  was  sufficiently  con- 
centrated, and  did  not  already  contain  salts  of  ammonia.  The  same  is 
the  case  if  we  obtain  a  precipitate  with  nitrate  of  silver,  but  none  with 
chloride  of  barium.  It  is  evident,  therefore,  how  many  special  tests  are 
rendered  unnecessary  by  this  simple  combination. 

Eeturning  to  the  former  supposition  that  the  whole  of  the  acids  are 
present,  these  reactions  would  prove  the  presence  of  sulphuric  acid 
and  lead  to  the  application  of  special  tests  for  chlorine  bromine' 
iodine,  cyanogen,  f errocyanogen,  f erricyanogen,  and  sul- 
phur;* there  would  be  grounds  also  for  testing  for  all  the  other  acids 
precipitable  by  the  two  reagents.  The  detection  of  these  acids  is  based 
upon  the  results  of  a  series  of  special  experiments,  which  have  already 
been  fuUy  described  and  explained  :  the  same  remark  applies  to  the  rest 
of  the  morganic  acids,  including  nitric  acid  and  chloric  acid. 

Of  the  organic  acids,  oxalic  acid,  (racemic  acid,)  and  tartaric  acid 
are  precipitated  by  chloride  of  calcium  in  the  cold,  in  presence  of  chloride 
of  ammomum  ;  the  two  former  immediately,  the  latter  often  only  after 
some  time ;  the  precipitation  of  citrate  of  lime,  however,  is  prevented 
by  the  presence  of  salts  of  ammonia,  and  takes  place  only  on  ebuUition 
or  on  adchng  alcohol  to  the  solution.  Alcohol  may  also  be  used  to  throw 
down  malate  and  succmate  of  lime  from  aqueous  solutions.  If  therefore 
we  add  to  the  solution  '  ' 

3  Chloride  of  Calcium  in  excess  and  Chloride  of  Ammonium 
oxalic  acid,  (racemic  acid,)  and  tartaric  acid  are  precipitated! 
but  the  lime  salts  of  several  inorganic  acids,  which  have  not  yet  been 
separatecl-phosphate  of  lime,  for  instance-are  precipitated  at  the  same 
time.  For  the  individual  detection  of  the  precipitated  organic  acids 
therefore,  it  is  necessary  to  employ  such  reactions  only  as  preclude  the 
possibility  of  confounding  the  organic  acids  mth  the  inorganic  acids 
which  are  thrown  down  along  with  them.  Accordingly,  for  the 
detection  of  oxalic  acid,  solution  of  sulphate  of  lime,  with  acetic  acid  is 
used  (§  14o,  0)  ■  for  the  detection  of  tartaric  acid  (and  racemic  acid),  the 

*  For  the  separation  and  special  detection  of  these  substances,  see  §  157. 
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precipitate  produced  by  cliloride  of  calcium  is  treated  with  solution  of 
soda,  since  the  lime  salts  of  these  two  acids  only  are  soluble  in  this 
menstruum  in  the  cold,  but  become  insoluble  upon  ebullition. 

^  Of  the  organic  acids,  there  are  still  in  solution  citric  acid  and  malic 
acid,  succinic  acid,  salicylic  acid,  and  benzoic  acid,  acetic  acid  and  formic 
acid.  Citric  acid,  malic  acid,  and  succinic  acid  are  thrown  down 
on  adding  alcohol  to  the  filtrate  from  the  oxalate,  tartrate,  &c.,  of  lime, 
which  still  contains  excess  of  chloride  of  calcium.  Sulphate  and  borate 
of  lime  are  invariably  precipitated  along  with  the  malate,  citrate,  and 
succinate  of  lime,  if  sulphuric  acid  or  boric  acid  happens  to  be  present  ; 
care  must  be  taken,  therefore,  not  to  mistake  the  Hme  precipitates  of 
these  acids  for  those  of  citric  acid,  malic  acid,  and  succinic  acid.  The 
alcohol  is  now  removed  by  evaporation,  and 

4.  Ferric  Chloride  added  to  the  perfectly  neutral  solution.  This 
reagent  precipitates  the  benzoic  acid  and  the  rest  of  the  succinic 
acid  in  combination  with  ferric  oxide ;  salicyHc  acid  is  recognized  by 
the  violet  colour  it  imparts  to  the  liquid,  and  the  formic  acid  and 
acetic  acid  remain  in  solution.  The  methods  which  serve  to  effect 
the  separation  of  the  several  groups  from  each  other,  and  the  reactions 
on  which  the  individual  detection  of  the  various  acids  is  based,  need  not 
be  repeated  here,  as  they  have  been  fully  described  and  explained  in  the 
former  part  of  this  work. 

B.  Special  Remarks  and  Additions  to  the  Systematic 

Course  of  Analysis. 

Attention  is  here  du'ected  to  several  matters  which  were  necessarily 
passed  over  in  the  description  of  the  ordinary  course  of  analysis,  and  at 
the  same  time  a  short  account  will  be  given  of  the  modifications  of  the 
ordinary  course  of  analyses  which  have  to  be  adopted  for  the  detection 
of  the  rare  metals. 

To  §  189. 

At  the  commencement  of  §  189,  directions  are  given  to  add  hydro- 
chloric acid  to  the  neutral  or  acid  aqueous  solution ;  this  should  be 
done  drop  by  drop.  If  no  precipitate  is  formed,  a  few  drops  are  suffi- 
cient, since  the  only  object  in  that  case  is  to  acidify  the  solution,  so  as 
to  prevent  the  subsequent  precipitation  of  the  metals  of  the  u-on  group 
by  sulphuretted  hydrogen.  If  a  precipitate  is  formed,  it  is  sometimes 
recommended  to  take  a  fresh  portion  of  the  solution  and  acidify  it  with 
nitric  acid ;  but  quite  apart  from  the  fact  that  nitric  acid  also  produces 
precipitates  in  many  cases — in  a  solution  of  tartrate  of  antimony  and 
potassa,  for  instance — the  use  of  hydrochloric  acid  is  preferable,  that  is, 
the  complete  precipitation  of  all  that  is  precipitable  by  it,  on  thi'ee 
grounds:  1.  Metals  are  more  readily  precipitated  by  sulphuretted  hy- 
drogen from  solutions  acidified  with  hydrochloric  acid  than  from  those 
acidified  with  nitric  acid  j  2.  If  the  solution  contains  silver,  mercurous 
oxide,  or  lead,  the  total  or  partial  precipitation  of  these  three  metals  in 
the  form  of  chlorides  greatly  facilitates  future  operations ;  and  3.  This 
is  the  best  form  for  the  individual  detection  of  these  three  metals  Avhen 
present  in  the  same  solution.  Moreover,  if  hydrochloric  acid  is  used, 
it  is  not  necessary  to  make  a  special  test  to  ascertain  whether  the  mer- 
cury, detected  with  the  other  metals  of  the  fifth  group,  was  present  as 


SPECIAL  NOTES  TO  §  189. 


401 


oxide  or  suboxide.  That  the  lead,  if  present  in  lar-ge  proportion,  is 
obtained  partly  as  chloride,  and  partly  in  the  precipitate  produced  by 
treating  the  acid  solution  with  sulphuretted  hydrogen,  can  scarcely  be 
considered  as  an  objection  to  this  method,  for  the  removal  of  the  larger 
portion  of  the  lead  from  the  solution  in  this  manner  facilitates  the 
examination  for  other  metals  of  the  fifth  and  sixth  groups. 

As  already  mentioned,  a  basic  salt  of  teroxide  of  antimony  may 
separate  from  tartar  emetic,  or  from  some  other  analogous  compound, 
and  be  precipitated  along  with  the  two  insoluble  chlorides,  and  the 
sparingly  soluble  chloride  of  lead ;  the  same  is  true  of  chloride  of  bis- 
muth, metastannic  chloride,  and  also  of  benzoic  and  salicylic  acids.  As, 
however,  both  oxychloride  of  antimony  and  oxychloride  of  bismuth  are 
readily  soluble  in  excess  of  hydrochloric  acid,  they  dissolve  at  once  on 
adding  more  of  the  acid.  It  is  neither  necessary  nor  advisable  to  warm 
the  solution  mixed  with  excess  of  hydrochloric  acid,  since  it  might  cause 
the  conversion  of  a  little  of  the  precipitated  mercurous  chloride  into 
mercuric  chloride. 

If  bismuth,  antimony,  lead,  or  metastannic  acid  be  present,  the 
addition  of  the  washings  of  the  precipitate  produced  by  hydrochloric 
acid  to  the  first  filtrate  will  cause  turbidity ;  this  is  occasioned,  in  the 
case  of  bismuth  and  antimony,  by  the  free  hydrochloiic  acid  present 
being  insufiicient  to  prevent  the  separation  of  basic  salt,  in  the  case  of 
chloride  of  lead  and  metastannic  acid,  by  the  metastannic  chloride  and 
chloride  of  lead  which  have  been  precipitated,  re-dissolving  in  the  wash 
water,  and  then  being  re-precipitated  by  the  excess  of  hydrochloric  acid 
in  the  filtrate.  This  turbidity,  however,  has  no  influence  on  the 
further  process,  for  these  finely  divided  precipitates  are  converted  into 
sulphides  hj  sulphuretted  hydrogen  as  if  the  metals  were  in  solution. 

If  the  precij)itate  which  has  been  obtained  by  excess  of  hydrochloric 
acid,  and  subsequently  washed  with  cold  water,  contains  "benzoic  or 
salicylic  acid,  these  will  dissolve  along  with  the  chloride  of  lead  when 
the  precipitate  is  treated  with  boiling  water,  but  will  not  in  any  way 
interfere  with  the  detection  of  the  lead  in  this  solution. 

In  the  case  of  alkaline  solutions,  hydrochloric  acid  must  be  added 
until  the  solution  is  strongly  acid ;  the  compound  which  causes  the 
alkaline  reaction  combines  with  the  hydrochloric  acid,  and  the  sub- 
stances dissolved  or  combined  with  it  are  thrown  down.  Thus,  if  the 
alkali  is  present  in  the  free  state,  oxide  of  zinc,  for  instance,  or  alumina, 
&c.,  may  be  precipitated ;  but  these  oxides  will  re-dissolve  in  the  excess 
of  hydrochloric  acid,  whereas  chloride  of  silver  or  silicic  acid  will  not 
re-dissolve,  and  chloride  of  lead  only  with  difficulty.  If  a  metallic  sul- 
phur salt  is  the  cause  of  the  alkaline  reaction,  the  sulphur  acid — sulphide 
of  antimony,  for  example — is  precipitated  on  adding  hydrochloric  acid ; 
whilst  the  sulphur  base — sulphide  of  sodium,  for  example — forms  chloride 
of  sodium^  and  sulphuretted  hydrogen  with  the  components  of  the  hydro  - 
chloric acid.  If  an  alkaline  carbonate,  a  cyanide,  or  the  sulphide  of  an 
alkali  metal  is  the  cause  of  the  alkaline  reaction,  carbonic  acid,  or 
hydrocyanic  acid,  or  sulphuretted  hydrogen  escapes.  All  these  pheno- 
mena should  be  carefully  noted,  since  they  not  only  indicate  the  pre- 
sence of  certain  compounds,  but  also  demonstrate  the  absence  of  entire 
groups. 

Precipitates  are  produced  also  by  hydrochloric  acid  in  solutions  contain - 
injr  thaUmm,  alkah  salts  of  antimonic  acid,  tantalic  acid,  uiobic  acid,  molybdic 
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acid,  and  tungstlc  acid  *  _  The  antimonic,  tantalic,  and  molybdic  precipitates 
dissolve  (the  tantalic  acid  precipitate  to  an  opalescent  liquid),  whilst  the 
chloride  of  thallium,  niobic  acid,  and  tungstic  acid  do  not  dis- 
solve in  excess  of  hydrochloric  acid,  or  only  slightly;  the  latter  therefore 
remain  with  the  precipitate,  which  may  also  contain  chloride  of  silver,  mer- 
curous  chloride,  chloride  of  lead,  and  silicic  acid.  If,  on  addition  of  hydro- 
chloric acid,  sulphur  begins  to  separate  after  some  time,  accompanied  by 
the  odour  of  sulphurous  acid,  this  indicates  hyposulphurous  acid.  If 
rare  metals  are  to  be  tested  for  in  the  hydrochloric  acid  precipitate,  it  should  be 
exhausted  with  boiling  water,  and  the  filtrate  examined  for  thallium  by  iodide 
oE  potassium  (confirming  by  the  spectroscope).  On  exhausting  the  washed 
precipitate  with  ammonia,  the  chloride  of  silver  dissolves  wholly  or  in  part, 
together  with  some  tungstic  acid ;  from  this  solution  sulphide  of  ammonium 
throws  down  the  silver  as  sulphide,  and  on  adding  dilute  hydrochloric  acid 
to  the  filtrate  sulphide  of  tungsten  is  precipitated.  The  mercurous  chloride 
is  converted  into  mercurosamide  mercurous  chloride  by  treatment  with 
ammonia,  which  may  retain  chloride  of  silver  (J.  Barnes).  The  residue 
is  then  warmed  with  hydrochloric  acid  and  a  little  nitric  acid  ;  this  leaves 
the  niobic  acid  with  any  chloride  of  silver  that  may  be  i)resent,  and,  under 
some  circumstances,  silicic  acid.  After  heating  it  with  hydrochloric  acid,, 
the  niobic  acid  may  be  dissolved  by  water. 

To  §§  190  and  191. 

In  order  to  complete  an  analysis  in  as  short  a  time  as  possible,  several 
of  the  operations  should  be  carried  on  simultaneously ;  for  instance^ 
after  throwing  the  sulphuretted  hydrogen  precipitate  on  to  the  filter, 
it  is  quite  unnecessary  to  wait  until  the  precipitate  is  collected  and 
thoroughly  washed ;  tlae  fiLrst  drops  of  the  filtrate  may  be  tested  with 
sulphide  of  ammonium  to  see  if  there  is  any  metal  of  that  group  present, 
and  if  this  is  not  the  case,  whether  carbonate  of  ammonia  does  not  give 
a  precipitate.  In  this  way  it  is  possible,  while  washing  the  sulphuretted 
hydrogen  precipitate,  to  throw  down  the  filtrate  with  the  proper  group 
test.  In  like  manner  while  the  first  precipitate  is  being  treated  with 
sulphide  of  ammonium,  the  second  precipitate  may  be  washed.  If 
the  work  is  carried  out  methodically  in  this  way,  an  analysis  may  be 
completed  in  half  the  time. 

In  cases  where  we  have  to  deal  merely  with  metallic  oxides  of  the 
sixth  group,  oxide  of  antimony  for  example,  and  of  the  fourth  or  fifth 
group,  such  as  iron  or  bismuth,  it  is  not  necessary  to  precipitate  the 
acidified  solution  with  sulphuretted  hydrogen,  but,  after  neutralization, 
sulphide  of  ammonium  in  excess  may  be  at  once  added.  The  sulphide 
of  iron,  &c.,'will  in  that  case  be  precipitated,  while  the  antimony,  &c., 
will  remain  in  solution,  and,  on  the  addition  of  an  acid,  will  be  at  once 
thrown  down  as  sulphide  of  antimony,  &c.  This  method  has  the  advan- 
tage that  the  solution  is  dUuted  less  than  when  sulphuretted  hydrogen 
water  is  used ;  and  the  operation  is  performed  more  quickly  and  con- 
veniently than  when  the  gas  is  passed  into  the  liquid.  The  beginner  is. 
often  apt  to  make  mistakes  through  using  spoilt  sulphuretted  hydrogen 
water,  or  by  adding  too  little  good  sulphuretted  hydrogen  water  to  effect 
complete  precipitation,  or  through  passing  the  gas  into  a  solution  con- 
taining too  great  an  excess  of  hydrochloric  or  nitric  acid.  Imagine  a  very 
acid  solution  containing  iron  and  bismuth;  if  sulphuretted  hydrogen 

*  The  hydrate  of  tungstic  acid  is  not  thrown  down  on  adding  hydrochloric 
acid  to  a  solution  of  a  metatungstate,  unless  the  solution  is  boiled  for  a  long 
time. 
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is  passed  througli  it,  or  if  only  a  few  drops  of  sulphuretted  hydrogen 
water  is  added,  there  will  be  no  precipitate,  as  the  presence  of  a  large 
excess  of  acid  entirely  prevents  its  formation;  and  if,  in  the  idea 
that  no  metal  of  the  sulphuretted  hydrogen  group  is  present,  sulphide 
of  ammonium  is  then  added,  a  precipitate  will  be  formed  containing  the 
sulphides  of  u-on  and  bismuth.  On  treating  this  with  dilute  hydrochloric 
acid,  a  black  residue  will  be  left,  which  in  the  ordinary  course  indicates 
nickel  or  cobalt.  If  a  mistake  of  this  kind  is  once  made,  it  is  exceed- 
ingly difficult,  almost  impossible  in  fact,  for  the  beginner  to  proceed 
successfully  with  the  analysis.  The  use  of  gaseous  sulphuretted  hydrogen 
■with  very  acid  solutions  without  previously  diluting  them  with  water 
is  the  rock  on  which  the  beginner  is  more  likely  to  be  shipwi-ecked  than 
any  other.  Arsenic  acid  also  may  be  overlooked  if  the  action  of  the 
sulphuretted  hydrogen  is  not  facilitated  by  warming  the  solution.  This 
source  of  error  may  be  avoided  by  taking  a  small  portion  of  the  clear 
filtrate  from  the  precipitate  obtained  with  sulphuretted  hydrogen, 
and,  before  adding  ammonia  and  sulphide  of  ammonium,  adding  to  it 
about  four  times  its  volume  of  good  sulphuretted  hydrogen  water,  and 
observing  whether  any  further  precipitate  is  formed  in  the  cold  or  on 
warming. 

Just  as,  on  the  one  hand,  if  the  solution  is  too  concentrated  or 
contains  too  large  an  excess  of  hydrochloric  acid,  the  complete  precipita- 
tion by  sulphuretted  hydrogen  is  prevented,  especially  with  the  gas,  so, 
on  the  other,  the  addition  of  too  small  an  amount  of  hydrochloric  acid, 
and  this  is  especially  the  case  if  alkaline  acetates  are  present,  may  cause 
the  sulphuretted  hydrogen  to  precipitate  metals  of  the  fourth  group, 
particularly  sulphide  of  zinc,  along  with  the  metals  of  the  fifth  and  sixth 
groups.  Sometimes  this  cannot  be  prevented  by  increasing  the  amount 
of  hydrochloric  acid  added,  and  it  must  be  remembered,  therefore,  in  the 
examination  of  the  metallic  sulphides  of  the  fifth  group,  that  it  is  possible 
that  metals  of  the  fourth  group,  and  especially  zinc,  may  also  be  present. 

If  the  precipitate  obtained  with  sulphuretted  hydrogen  in  the  hydro- 
chloric acid  solution  is  incompletely  washed,  many  sources  of  error  are 
introduced,  _  These  are  due,  in  the  first  place,  to  the  fact  that  mercuric 
sulphide  is  insoluble  in  hot  nitric  acid  only  when  no  hydrochloric  acid  is 
present.  Secondly,  unnecessary  confusion  is  caused  on  treating  the 
incompletely  washed  precipitate  of  sulphides  with  ammonium  sulphide 
to  ascertain  whether  it  is  completely,  partially,  or  not  at  all  soluble  in 
this  solvent.  It  is  manifest  that  it  is  impossible  to  decide  this  important 
point  if  the  precipitate  still  contains  iron  or  nickel  salts,  &c. 

It  happens  occasionally  that  on  treating  acid  solutions  with  sul- 
phuretted hydrogen,  or  on  decomposing  by  hydrochloric  acid  the  sulphide 
of  ammonium  used  for  dissolving  the  sulphides  of  the  sixth  group  that 
may  be  present,  a  precipitate  is  obtained  which  looks  almost  like  pure 
sulphur,  leaving  a  doubt  as  to  whether  it  is  really  requisite  to  examine 
it  for  metals.  In  such  cases  the  precipitate  may  be  washed  and  dried, 
and  then  treated  with  bisulphide  of  carbon  to  remove  the  sulphur ;  this 
will  show  whether  or  not  there  is  any  sulphide  mixed  with  the  sulphur. 

Very  frequently,  however,  especially  with  precipitates  very  rich  in 
sulphur,  it  is  more  advantageous  to  treat  the  washed  and  still  moist 
precipitate  with  a  solution  of  bromine  in  hydrochloric  acid,  or  with  hydro- 
chloric acid  and  some  chlorate  of  potassa,  then  to  dilute,  filter,  and,  after 
driving  off  the  free  bromine  or  chlorine  by  heat,  to  again  treat  the 
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solution  with  sulplmretted  hydrogen  to  ascertain  if  any  metals  of  the 
fifth  or  sixth  group  are  present. 

The  following  sulphides  of  the  rarer  elements  are  found  in  the  precipitate 
produced  by  sulphuretted  hydrogen  in  the  acid  solution  :  the  sulphides  of 
palladium,  rhodium,  osmium,  ruthenium,  iridium,*  molybdenum,  tellurium, 
selenium,  and  possibly  of  thallium. t 

The  following  rare  compounds  cause  separation  of  sulphur,  by  decom- 
posing the  sulphuretted  hydrogen  :  the  higher  oxides  and  chlorides  of  man- 
ganese and  cobalt,  vanadic  acid  (with  blue  coloration  of  the  solution),  nitrous 
acid,  sulphurous  acid,  hyposulphurous  acid,  hypochlorous  and  chlorous  acids, 
bromic  acid,  and  iodic  acid. 

On  treating  the  precipitate  with  sulphide  of  ammonium  (sulphide  of 
sodium),  the  sulphides  of  iridium,  molybdenum,  tellurium,  and  selenium 
dissolve,  whilst  the  sulphides  of  palladium,  rhodium,  osmium,  and  ruthenium, 
also  that  of  thallium,  remain  undissolved. 

To  §  192. 

In  §  192  two  methods  for  the  separation  of  the  metals  of  the  sixth 
group  are  given — one  to  be  employed  when  there  is  reason  to  beheve 
gold  and  platinum  to  be  absent,  and  the  second  if  these  rnetals  are  to 
be  sought  for.  The  latter  method,  according  to  which  the  metallic 
sulphides  are  first  heated  with  a  mixture  of  ammonic  chloride  and 
nitrate,  must  also  be  employed  if  iridium  is  present]  this  remains 
with  the  gold  and  platinum,  whilst  all  the  other  elements  pass  into  the 
sublimate,  and  may  be  precipitated  from  the  solution  by  sulphuretted 
hydrogen. 

If  the  precipitate  thus  obtained,  containing  the  metallic  sulphides 
of  the  remaining  members  of  the  sixth  group  and  also  the  sulphides  of 
tin,  antimony,  arsenic,  tellurium,  selenium,  and  molybdenum,  is  fused 
with  carbonate  and  nitrate  of  soda  as  described  in  §  192,  and  the  melt 
treated  with  cold  water,  telluric,  selenic,  and  molybdic  acids 
are  dissolved  out  with  the  arsenic  acid,  whilst  stannic  oxide  and  sodium 
antimoniate  remain  undissolved. 

The  method  by  which  the  rare  elements  in  the  solution  and  the 
iridium  in  the  sublimation  residue  maybe  detected  is  given  under  §  135. 

To  §  193. 

The  separation  of  the  metallic  sulphides  of  the  fifth  gi'oup  from 
those  of  the  sixth  by  means  of  sulphide  of  ammonium  or  sodium, 
especially  if  only  treated  once,  is  not  always  complete,  and  some  of 
the  metallic  sulphides  of  the  sixth  group  may  under  certain  circum- 
stances be  found  along  with  the  sulphides  of  the  fifth  gi'oup  :  platinum 
and  gold  sulphides  are  especially  liable  to  remain  undissolved ;  this 
fact  must  therefore  be  carefully  taken  into  consideration  when  pro- 
ceeding to  §  193.    As  the  solution  of  nitrate  of  platinum— which  is 

*  The  metals  of  the  platinum  ores  are  precipitated  with  difficulty  by  sul- 
phuretted hydrogen. ;  for  that  purpose,  the  gas  must  be  passed  into  the  solution 
for  a  long  time,  heat  being  applied.  ,  .     ,  .      .    .  i  j 

t  Tungsten  and  vanadium  are  not  found  in  the  precipitate  thrown  down  from 
an  acid  solution  by  sulphuretted  hydrogen;  they  are  F^sent  only  when  the 
solution  has  been  mixed  first  with  sulphide  of  ammomum,  then  with  acid  in  excess 
in  that  case,  the  sulphides  of  nickel  and  cobalt  vyil  also  be  ^0"?^  ^^'jt^^^^^^^^^^S 
the  fifth  and  sixth  groups.  Thallium  although  it  is  not  F-<^<;ip^t^t^^  tThJ^i 
solutions  by  sulphuretted  hydrogen  under  ordinary  circumstances,  may  be  thrown 
down  along  with  sulphide  of  arsenic. 
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obtained  when  sulphide  of  platinum  is  precipitated  in  the  cold — is 
brown,  the  presence  of  platinum  among  the  bases  of  the  fifth  group  may 
sometimes  be  detected  by  the  brown  colour  of  the  solution  obtained  by 
heating  the  metallic  sulphides  with  nitric  acid.  On  evaporating  this 
brown  solution,  igniting,  and  agam  heating  with  nitric  acid,  the 
platinum  remains  as  metal,  whilst  the  other  oxides  are  dissolved. 

Besides  the  methods  for  the  separation  of  lead,  copper,  bismuth,  and 
cadmium  given  in  the  systematic  course,  the  following  is  also  very 
accurate.  Carbonate  of  soda  is  added  to  the  nitric  acid  solution  as 
long  as  any  precipitate  forms,  then  solution  of  cyanide  of  potassium  in 
excess,  and  the  mixture  is  gently  heated ;  in  this  way  the  lead  and 
bismuth  are  completely  separated  as  carbonates,  whilst  copper  and 
cadmium  remain  in  solution  in  the  form  of  cyanide  of  copper  and  potas- 
sium, and  cyanide  of  cadmiiim  and  potassium.  The  lead  and  bismuth 
may  be  readily  separated  from  one  another  by  means  of  sulphuric  acid, 
and  the  copper  and  cadmium  by  adding  sulphuretted  hydrogen  in  excess 
to  the  solution  of  their  cyanides  in  cyanide  of  potassium,  heating  gently, 
and  then  adding  some  more  cyanide  of  potassium  to  re-dissolve  the 
sulphide  of  copper  which  may  have  been  precipitated  along  with  the 
sulphide  of  cadmium;  an  insoluble  yellow  precipitate  of  sulphide  of 
cadmium  indicates  the  presence  of  cadmium.  Hydrochloric  acid  is 
added  to  the  filtrate  from  this  precipitate,  when  the  formation  of  a 
black  precipitate  of  sulphide  of  copper  indicates  copper;  as  hydro- 
cyanic acid  is  liberated  on  acidifying,  the  operation  must  be  carried  on 
in  a  draught. 

If  there  is  reason  to  suppose  that  the  precipitate  containing  the  sulphides 
of  the  fifth  group  contains  also  the  sulphides  of  palladium,  rhodium,  osmium, 
ruthenium,  or  thallium  along  with  the  sulphides  of  copper,  bismuth,  &c.,  a 
portion  is  first  tested  for  thallium  by  the  spectroscope,  and  the  bulk  of  the 
precipitate  treated  as  follows  : — 

The  precipitate  is  fused  with  hydrate  of  potassa  and  chlorate  of  potassa, 
ultimately  heating  to  redness ;  it  is  then  allowed  to  cool,  and  the  melt  treated 
with  water.  The  solution  contains  osmate  and  ruthenate  of  potassa,  being 
coloured  deep  yellow  by  the  latter.  If  the  solution  is  cautiously  neutralized 
with  nitric  acid,  black  hydrated  sesquioxide  of  ruthenium  sepa- 
rates ;  if  more  nitric  acid  is  added  to  the  filtrate,  and  it  is  then  distilled, 
osmic  acid  passes  over.  If  the  residue  left  on  extracting  the  fused  mass 
with  water  is  gently  ignited  in  a  current  of  hydrogen,*  and  then  cautiously 
treated  with  dilute  nitric  acid,  the  copper,  lead,  &c.,  are  dissolved,  whilst  the 
rhodium  and  palladium  are  left.  The  palladium  may  then  be  dissolved 
out  of  the  residue  by  means  of  aqua  regia,  leaving  the  rhodium.  The  fur- 
ther examination  of  the  isolated  metals  is  described  in  §  124.  A  separate 
portion  of  the  precipitate  of  sulphides  must  be  examined  for  mercury,  in  the 
event  of  the  above  process  being  adopted. 

To  §  194. 

Assuming  all  the  elements  not  yet  precipitated  to  be  present  in  the 
filtrate  from  the  precipitate  produced  by  sulphuretted  hydrogen  in  the  acid 
solution,  the  precipitate  thrown  down  on  adding  chloride  of  ammonium  to 
this  filtrate,  neutralizing  with  ammonia,  and  adding  sulphide  of  ammonium 
in  excess,  will  contain  the  following  elements : 

a.  As  sulphides  :  cobalt,  nickel,  manganese,  iron,  zinc,  uranium,  thallium, 
and  indium ; 

h.  In  the  form  of  oxides :  aluminium,  beryllium,  thorium,  zirconium, 


*  Ceidmium  may  escape  in  this  operation. 
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yttrium,  _  cerium,  lantlianium,  didymium,  cliromium,  titanium,  tantalum, 
and  niobium.* 

It  will  be  found  to  be  an  exceedingly  difBcult  task  to  elaborate  any 
method  for  the  separation  of  all  the  elements  in  this  precipitate,  based  on 
the  difference  in  their  behaviour  towards  reagents,  for  many  of  the  metallic 
oxides  when  in  solution  together  behave  towards  the  same  reagent  differently 
from  what  they  do  when  in  solution  by  themselves.  As,  however,  it  would 
never  actually  be  the  case  that  all  the  members  of  the  third  and  fourth 
groups  would  be  present  in  the  precipitate  obtained  with  ammonia  and 
sulphide  of  ammonium,  no  method  is  given  for  detecting  all  these  elements, 
but  merely  the  most  important  processes  for  separating  the  elements 
in  question  into  smaller  or  larger  groups,  so  as  to  facilitate  their  further 
examination. 

1.  For  the  separation  of  tantalic,  niobic,  and  titanic  acids  the  fol- 
lowing method  may  be  employed  : — The  precipitate  obtained  with  ammonia 
and  sulphide  of  ammonium  is  roasted,  the  residue  fused  for  some  time  with 
acid  sulphate  of  potassa,  and  the  cooled  mass  is  treated  with  cold  water, 
digested  for  some  time  without  heating,  and  the  solution  filtered  off  from 
the  residue.  The  residue,  which  contains  the  acids  of  tantalum  and 
niobium,  and  possibly  silicic  acid  and  a  little  undissolved  ferric  and  chromic 
oxides,  is  fused  with  hydrate  of  soda  and  some  chlorate  of  potassa,  when 
a  mass  is  obtained  from  which  dilute  soda  solution  will  dissolve  chromate  and 
silicate  of  potassa,  leaving  undissolved  the  ferric  oxide  and  tantalate  and 
niobate  of  soda  (which  are  insoluble  in  solution  of  soda).  The  niobic  and 
tantalic  acids  are  most  conveniently  separated  by  converting  them  into  the 
potassio-fiuorides  (p.  117).  For  the  further  examination,  compare  §  104, 
9  and  10. 

The  acid  solution,  which  contains  the  titanic  acid,  or  at  all  events  the 
greater  portion  of  it,  along  with  the  bases  of  the  third  and  fourth  groups, 
is  treated  with  sulphuretted  hydrogen  to  reduce  the  ferric  oxide,  dilated 
considerably,  heated  to  boiling,  and  carbonic  acid  passed  into  the  boiling 
solution  for  some  time  ;  the  titanic  acid  is  thus  thrown  down  as  a  white 
precipitate,  which  may  possibly  contain  a  little  zircon ia  also. 

The  filtrate  obtained  after  the  separation  of  the  tantalic,  niobic,  and 
titanic  acids,  or  the  solution  from  which  these  acids  are  absent,  is  boiled  with 
nitric  acid  to  oxidize  any  ferrous  oxide  which  may  be  present,  chloride  of 
ammonium  added,  and  then  ammonia  ;  the  precipitate  is  collected,  washed, 
re-dissolved  in  hydrochloric  acid,  and  precipitated  again  with  ammonia; 
almost  the  whole  of  the  zinc,  manganese,  nickel,  cobalt,  and  gallium 
remain  in  solution,  whilst  the  earths  remain  undissolved  along  with  the 
oxides  of  iron,  indium,  uranium,  and  chromium. 

3.  Gallium  may  be  separated  from  zinc,  manganese,  nickel,  and 
cobalt  by  digesting  the  hydrochloric  acid  solution  of  these  metals  with 
carbonate  of  baryta  in  the  cold.  By  this  means,  the  oxide  of  gallium  is 
precipitated  whilst  the  other  metals  remain  in  solution. 

4,  For  the  separation  of  alumina  and  beryllia,  as  also  oxide  of 
chromium,  from  iron,  indium,  and  uranium  oxides,  as  also  from  the 
other  bases  of  the  third  group,  their  hydrochloric  acid  solution  is 
treated  with  concentrated  potash  in  the  cold.  This  will  leave  in  solution  the 
sesquioxide  of  chromium,  the  alumina,  and  the  beryUia  whilst  precipitating 
the  other  earths  with  the  oxides  of  iron,  indium,  and  uranium.  The  alkaline 
solution  is  diluted,  filtered,  and  boiled  for  some  time ;  this  will  throw  down 
the  beryllia,  and  the  oxide  of  chromium,  leaving  the  alumina  in  solution  ; 
the  latter  can  then  be  precipitated  by  chloride  of  ammonium.  By  fusmg 
the  precipitate  of  beryllia  and  sesquioxide  of  chromium  with  carbonate  ot 
soda  and  chlorate  of  potassa,  the  two  can  be  separated  in  the  same  way  as 
alumina  and  oxide  of  chromium  (§  103). 

*  Of  niobic  acid  only  the  traces  re-dissolved  on  precipitating  by  hydrochloric 
acid  and  washing  the  precipitate  can  be  present  here. 
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5.  K.  F.  Fohr*  states  that  the  following  method  is  particularly  adapted 
for  the  separation  of  ferric  oxide  and  any  residue  of  alumina  (which 
under  certain  circumstances,  as,  for  instance,  when  yttrmm  and  cenum 
oxides  are  present,  is  not  completely  dissolved  by  the  potash  solution)  from 
cerium,  lanthanium,  didymium,  thorium,  zirconium,  yttrium,- 
and  uranium  oxides  :— The  precipitate  insoluble  m  aqueous  potash  obtained 
according  to  4  is,  while  still  moist,  digested  with  excess  of  cold  concentrated 
solution  of  carbonate  of  ammonia  for  about  twelve  hours ;  the  solution 
is  then  poured  off  on  to  a  filter,  and  the  residue  digested  once  more  with 
carbonate  of  ammonia.  A  residue  of  insoluble  hydrated  ferric  oxide  and 
some  hydrate  of  alumina  is  thus  separated,  whilst  the  uranium,  cerium,  lan- 
thanium, didymium,  thorium,  zirconium,  and  yttrium  oxides  are  dissolved. 
On  heating  this  solution  to  boiling,  thorium,  zirconium,  and  yttrium  oxides 
are  precipitated,  and  may  be  separated  from  one  another  by  means  of 
sulphate  of  potassa  (vide  7);  the  oxides  of  cerium,  lanthanium,  a-nd 
didymium  may  be  thrown  down  by  the  addition  of  a  concentrated  solution 
of  oxalic  acid.  Uranium  oxide  now  remains  in  solution,  and  may  be  pre- 
cipitated by  the  addition  of  potash.  (In  the  separation  of  cerium  oxide, 
&c.,  from  uranium  oxide,  the  solution  must  not  stand  for  any  time,  as  other- 
wise oxalate  of  uranium  is  also  precipitated.) 

6.  The  separation  of  the  bases  contained  in  the  ammonia  precipitate 
from  2,  that  is,  ferric  oxide,  alumina,  and  beryllia,  the  oxides  of 
chromium,  uranium,  cerium,  lanthanium,  and  didymium,  also  thoria, 
yttria,  and  zirconia,  may  be  easily  effected  by  treating  the  washed  moist 
precipitate  with  a  concentrated  solution  of  oxalic  acid ;  this  dissolves  the 
ferric  oxide,  alumina,  beryllia,  and  the  oxides  of  chromium  and  uranium, 
leaving  the  other  bases  as  insoluble  oxalates  (K.  F.  Fohr*). 

7.  Zirconia  and  thoria  (and  also  members  of  the  cerite  group) 
may  be  separated  from  yttria  (and  also  from  beryllia  and  alumina)  by 
means  of  suljihate  oP  potassa  ;  crystals  of  neutral  sulphate  of  potassa  are 
added  to  the  neutral  or  faintly  acid  solution,  the  solution  is  boiled,  allowed 
to  stand  for  twelve  hours,  filtered,  and  the  precipitate,  which  consists  of  the 
double  sulphates  of  potassa  and  zirconia  and  thoria  (as  also  of  members  of 
the  cerite  group),  is  washed  with  a  solution  of  sulphate  of  potassa.  On 
adding  ammonia  to  the  filtrate,  yttria,  oxide  of  beryllium,  and  alumina  are 
precipitated  ;  the  latter  may  be  separated  from  the  yttria  by  means  of  oxalic 
acid  (see  6).  On  repeatedly  boiling  the  precipitated  potassa  double  sulphates 
with  water  and  a  little  hydrochloric  acid,  the  thoria  and  members  of  the 
■cerite  group  pass  into  solution,  and  may  be  re-precipitated  by  ammonia ;  but 
the  double  sulphate  of  potassa  and  zirconia  remains  undissolved. 

8.  Barium  carbonate  is  best  adapted  for  the  separation  of  indium  from 
zinc  and  iron.  The  hydrochloric  acid  solution  is  first  heated  with  sul- 
phurous acid  in  order  to  convert  the  ferric  into  ferrous  chloride,  and,  when 
cold,  freshly  precipitated  carbonate  of  baryta  is  added,  air  being  carefully 
excluded.  If  much  iron  is  present,  the  operation  must  be  repeated.  The 
precipitate  containing  the  indium  oxide  is  dissolved  in  hydrochloric  acid,  and 
the  baryta  precipitated  by  sulphuric  acid.  On  adding  ammonia  to  the 
filtrate,  hydrated  oxide  of  indium  is  precipitated. 

9.  To  detect  thallium  in  the  precipitate  produced  by  ammonia  and 
sulphide  of  ammonium,  a  portion  of  it  is  dissolved  in  boiling  dilute  hydro- 
chloric acid,  the  solution  treated  with  sulphurous  acid  until  the  ferric  oxide 
is  reduced,  then  nearly  neutralized  with  ammonia,  and  tested  with  iodide  of 
potassium.  The  precipitate  must,  under  all  circumstances,  be  further 
examined  in  the  spectroscope. 

*  Written  commimication  of  September  2,  1881,  in  part  founded  on  tlie 
methods  given  in  Will's  tables  for  qualitative  analysis. 
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To  §§  195-198. 

The  filtrate  from  the  precipitate  produced  by  sulphide  of  ammonium  may 
contain  not  only  the  alkaline  earths  and  the  alkalies,  but  some  nickel,  also 
vanadic  acid  and  that  portion  of  the  tungstic  acid  which  has  been  left 
vni precipitated  by  hydrochloric  acid.  The  nickel,  the  vanadic  acid,  and  the 
tungstic  acid  are  present  as  sulphides  dissolved  in  the  excess  of  sulphide  of 
ammonium,  and  are  thrown  down  as  such  on  acidifying  the  solution  with 
hydrochloric  acid.  The  precipitate  is  collected,  washed,  dried,  and  fused 
with  carbonate  of  soda  and  nitrate  of  potassa  ;  on  treating  the  fused  mass 
with  water,  the  vanadate  and  tungstate  of  potassa  dissolve,  leaving  the  oxide 
of  nickel  undissolved.  The  vanadic  acid  may  be  separated  from  this  solution 
by  means  of  solid  chloride  of  ammonium,  the  tungstic  acid  by  evaporating 
with  hydrochloric  acid  and  treating  the  residue  with  water.  The  two  acids 
may  then  be  examined  as  directed  §  113,  e,  and  §  13-5,  c. 

The  detection  of  lithium,  cassium,  and  rubidium,  is  described  pp. 
92  and  93,  and  in  the  analysis  of  mineral  waters  (259  and  260). 

To  §  201  and  §  203. 

In  order  to  avoid  unnecessary  complication,  the  detection  of  small 
quantities  of  silica  in  the  presence  of  a  large  amount  of  calcium  fluoride 
or  other  metallic  fluoride  was  not  considered  in  §  201  and  §  203. 
Should  such  a  case,  however,  occur,  as  not  unfrequently  happens  in  the 
analysis  of  mineral  fluorides,  and  if  the  method  given  in  §  201,  2  (194), 
or  §  203,  4  (208),  he  employed,  the  silica  present  may  be  completely 
overlooked,  being  volatilized  as  silicic  fluoride  on  evaporating  with 
hydrochloric  acid  the  alkaline  solution  obtained  from  the  fusion.  In 
order,  therefore,  to  separate  the  silica  in  the  analysis  of  substances 
containing  fluorine,  the  alkaline  solution  of  the  fused  mass  obtained 
according  to  194  or  208  must  be  heated  with  carbonate  of  ammonia, 
the  carbonate  of  ammonia  lost  by  evaporation  being  replaced ;  the 
solution  is  then  filtered,  and,  in  order  to  separate  the  silica,-  the  filtrate 
is  treated  with  a  solution  of  zinc  oxide  in  ammonia,  evaporated  until 
all  the  ammonia  is  driven  ofi",  and  filtered:  The  silica  contained  in  the 
precipitate  produced  by  the  carbonate  of  ammonia  is  then  separated  by 
evaporating  it  with  hydrochloric  acid ;  it  is  better,  however,  to  add 
nitric  acid  to  the  precipitate  obtained  with  ammonia  and  zinc  oxide^  and 
evaporate. 

If  the  rare  elements  also  are  taken  into  account,  the  substances  which 
may  remain  undissolved  on  treating  a  substance  with  water,  hydrochloric 
acid,  nitric  acid,  and  aqua  regia  are  far  more  numerous.  The  following 
substances,  more  especially,  are  insoluble  or  slowly  and  sparingly  soluble  in 
acids,  either  ordinarily,  or  "in  the  ignited  state,  or  in  certain  combinations  : 

Beryllia,  thoria,  and  zirconia,  oxide  of  cerium,  titanic  acid,  tantalic 
acid,  niobic  acid,  molybdic  acid,  tungstic  acid,  rhodium,  iridium,  osmium, 
ruthenium. 

In  the  systematic  course  of  analysis,  having  arrived  at  208,  the  substance, 
free  from  silver,  lead,  and  sulphur,  is  fused  with  carbonate  of  soda  and  some 
nitrate  of  potassa,  the  fused  mass  extracted  repeatedly  with  hot  water,  and, 
if  a  residue  is  left,  this  is  fused  for  some  time  in  a  silver  crucible,  with 
hydrate  of  potassa  and  nitrate  of  potassa,  and  the  fused  mass  is  again 
treated  repeatedly  with  water.  The  alkaHne  solutions,  which  may  be 
examined  separately  or  together,  may  contain  beryllia,  a  portion  of  the 
titanic  acid,  tantaUc  acid,  niobic  acid,  molybdic  acid,  tungstic  acid,  osmic 
and  ruthenic  acids,  and  a  portion  of  the  iridium. 
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If  the  residue  left  undissolved  in  the  preceding  operation  is  fused  with 
acid  sulphate  of  potassa,  and  the  fused  mass  treated  with  water,  the  thoria, 
iiirconia,  oxide  of  cerium,  the  remainder  of  the  titanic  acid,  and  the  rhodium 
will  dissolve ;  if  any  residue  is  left,  it  may  consist  of  platinum-ore  metals, 
and  had  best  be  mixed  with  chloride  of  sodium,  and  ignited  in  a  stream  of 

chlorine.  .    -i.  j. 

With  regard  to  the  separation  and  detection  of  the  several  elements  that 
have  passed  into  the  different  solutions,  the  requisite  directions  and  instruc- 
tions have  been  given  in  the  third  section  of  Part  I.,  and  in  the  additional 
remarks  to  §§  189-198. 

To  §  204. 

The  analysis  of  cyanogen  compounds  is  not  very  easy  in  certain  cases, 
and  it  is  even  sometimes  a  difficult  task  to  ascertain  whether  we  have 
really  a  cyanide  present  or  not.  However,  if  the  reactions  of  the  sub- 
stance when  ignited  (8)  be  carefully  observed,  and  also  whether  there 
is  any  odour  of  hydrocyanic  acid  (33  and  37)  when  it  is  boiled  with 
hydrochloric  acid,  the  presence  of  a  cyanide  will  not  usually  remain  a 
matter  of  doubt. 

Above  all  it  must  be  borne  in  mind  that  the  insoluble  cyanogen 
compounds  occurring  in  pharmacy,  &c.,  belong  to  two  distinct  classes, 
namely,  either  simple  cyanides,  or  compounds  of  metals  with 
f  errocyanogen  or  some  other  analogous  compound  radicle. 

All  the  simple  cyanides  are  decomposed  by  boiling  with  concentrated 
hydrochloric  acid  yielding  metallic  chlorides  and  hydrocyanic  acid ;  their 
analysis  is  therefore  never  difficult.  The  ferrocyanides,  &c.,  however, 
to  which  indeed  the  method  described  in  §  204  exclusively  refers,  undergo 
such  complicated  decompositions  when  treated  with  acids,  that  their 
analysis  cannot  be  easily  effected  in  this  manner.  Their  decomposition 
by  potassa  or  soda  is  far  more  simple.  The  alkali  separates  the  metal 
combined  with  the  f errocyanogen,  or  other  similar  radicle,  as  oxide, 
whilst  the  alkah  metal  itself  combines  with  the  radicle  to  form  a  soluble 
ferrocyanide,  cobalticyanide,  &c.  Several  oxides,  however,  such  as  oxide 
of  lead,  oxide  of  zinc,  &c.,  are  soluble  in  an  excess  of  potassa  or  soda.  If, 
therefore,  the  double  ferrocyanide  of  zinc  and  potassium,  for  instance, 
is  boiled  with  solution  of  caustic  potassa,  it  dissolves  completely,  and 
we  may  assume  that  the  solution  contains  ferrocyanide  of  potassiiim  and 
oxide  of  zinc  dissolved  in  potassa.  If  an  acid  were  added  to  this  solution, 
the  original  pi-ecipitate  of  the  double  ferrocyanide  of  zinc  and  potassium 
would  of  course  be  again  thrown  down,  and  the  experiment  would  be 
unsuccessful.  To  pi'event  this,  sulphuretted  hydrogen  is  passed  into  the 
solution  in  potassa,  but  only  until  the  precipitable  oxides  are  completely 
thrown  down,  and  not  until  the  solution  smells  of  sulphuretted  hydrogen ; 
by  this  means  all  the  heavy  metals  which  the  potassa  holds  in  solution 
iis  oxides  are  converted  into  sulphides.  Those  siilphides  which  are 
insoluble  in  potassa,  such  as  sulphide  of  lead,  sulphide  of  zinc,  &c.,  are 
[)recipitated,  whilst  those  which  are  soluble  in  alkaline  sulphides,  as 
well  as  the  sulphides  of  the  sixth  group  and  a  little  mercuric  sulphide 
if  present,  remain  in  solution.  In  order  not  to  overlook  these,  the 
lilti'ate  is  acidified,  and,  if  necessary,  more  sulphuretted  hydi'ogen  is 
passed  into  it. 

Those  metals  which  form  compound  radicles  with  cyanogen  will  be 
in  the  filtrate  from  the  oxides  and  sulphides,  and  also  alumina,  which 
v>  !is  dissolved  in  the  original  treatment  with  potash,  and  has  not  been 
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separated.  Finally  also  the  other  acids  must  be  tested  for  here.  The 
solution,  therefore,  should  be  divided  into  two  parts,  the  one  tested  for 
acids,  and  the  other  for  alumina  and  those  metals  which  form  compound 
radicles  with  cyanogen.  On  heating  this  second  part  with  concentrated 
sulphuric  acid,  all  the  cyanogen  compounds  are  decomposed,  and  the 
metals  remain  in  the  residue  as  sulphates  (II.  Rose*). 

If  it  is  merely  wished  to  test  for  bases  in  simple  or  compound 
cyanides,  and  for  that  purpose  to  destroy  the  cyanogen  compound,  it  is 
only  necessary  to  heat  the  powdered  substance  in  a  platinum  dLsh  witli 
concentrated  sulphuric  acid  diluted  with  a  little  water,  until  almost  all 
the  free  acid  is  driven  off;  the  residue,  consisting  of  sulphates,  should 
be  dissolved  in  hydrochloric  acid  and  water. 

The  reason  why  feri'ocyanides  and  similar  compounds  which  have 
been  carefully  washed  with  water  have  to  be  tested  for  alkalies  is 
because  alkaline  ferrocyanides,  &c.,  are  often  precipitated  along  with 
insoluble  ferrocyanides,  &c.,  and  cannot  be  removed  by  washing  ;  there 
are  many  such  insoluble  compounds  which  contain  both  heavy  metals 
and  the  alkali  metals  in  combination  with  ferrocyanogen,  &e. 


*  Zeit.  anal.  Chem.,  1,  194. 
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I. 

Behaviour  of  the  more  important  Alkaloids  with  Reagents,  and 
a  Systematic  Method  of  Detecting  them. 

§  229. 

The  detection  and  separation  of  the  alkaloids  is  far  more  difficult  than 
the  detection  and  separation  of  the  inorganic  bases.  In  many  cases,  the 
combination  in  which  an  alkaloid  can  be  separated  from  others  is  not 
sufficiently  insoluble  to  allow  of  a  sharp  separation,  in  others  we  only 
know  the  external  characteristics  of  a  reaction  and  not  its  cause,  so 
that  we  are  ignorant  of  the  conditions  which  may  modify  its  action ; 
again,  many  alkaloids  may  be  said  to  have  no  characteristic  reaction 
whatever.  These  difficulties  are  still  greater  when  the  alkaloids  are  not 
quite  pure,  as  frequently  happens  when  they  have  been  separated  from 
articles  of  food,  organs  of  the  body,  &c. 

In  the  following  pages,  the  methods  of  detecting  the  more  important 
and  commonly  occurring  alkaloids  will  be  given,  including  nicotine, 
conine,  morphine,  narcotine,  quinine,  cinchonine,  strychnine,  brucine, 
veratrine,  and  atropine. 

If  the  student  is  thoroughly  acquainted  with  these,  and  can  separate 
them,  it  will  be  comparatively  easy  for  him  to  widen  the  sphere  of  his 
knowledge  in  this  special  subject. 

This  appendix  will  be  divided  into  the  following  sections : 

A.  General  reagents  for  the  alkaloids. 

B.  Properties  and  reactions  of  the  individual  alkaloids, 
arranged  in  groups. 

C.  Properties  and  reactions  of  certain  non-nitrogenous 
compounds  which  are  allied  to  the  alkaloids  as  poisons 
or  are  employed  in  their  adulteration,  namely,  salicin, 
digitalin,  and  picrotoxin. 

D.  Systematic  course  for  the  detection  of  the  alkaloids 
above  mentioned — 

ft.  When  only  one  is  present. 

h.  When  several  or  all  of  them  may  be  present. 

c.  In  the  presence  of  other  oi-ganic  substances. 

A.  GENERAL  REAGENTS  FOR  THE  ALKALOIDS. 

§  230. 

General  reagents  for  the  alkaloids  are  those  which  give  precipitates 
with  all  or  nearly  all  of  them  ;  they  are  therefore  well  suited  to  test  for 
the  presence  of  an  alkaloid,  and  may  servo  to  separate  alkaloids  from 
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their  solutions,  but  they  will  not  serve  to  distinguish  individual  alkaloids 
except  in  a  subordinate  degree. 

These  reagents  are  as  follows : — Chloride  of  platinum,  a  solution  of 
iodine  in  iodide  of  potassium  (Wagner*),  potassium  mercury  iodide 
(y.  Plantaf),  potassium  cadmium  iodide  (Marmot),  potassium 
bismuth  iodide  (Dragendorff ||),  phosphomolybdic  acid  (de  Vrij, 
Sonnenschein^),  phosphoantimonic  acid  (F.  Schulze**),  phospho- 
tungstic  acid  (Scheiblerff ),  picric  acid  (H.  HagerJJ). 

Chloride  of  platinum  forms  with  the  hydrocldorides  of  the 
alkaloids  compounds  analogous  to  the  platinochloride  of  ammonium. 
Some  of  these  compounds  are  sparingly  soluble  in  water,  some  are 
rather  easily  soluble.  These  double  salts  are  best  obtained  and  most 
completely  separated  by  adding  a  sufficient  quantity  of  chloride  of 
platinum  to  the  solution,  evaporating  nearly  to  dryness,  and  treating 
with  alcohol;  the  compounds  are  yellow  of  various  shades,  some  are 
crystalline,  some  flocculent,  and  they  are  usually  more  soluble  in  hydro- 
chloric acid  than  in  water, 

A  solution  of  iodine  in  iodide  of  potassium  (containing  12*7 
grams  of  free  iodine  per  litre)  precipitates  the  solutions  of  the  salts  of 
all  alkaloids ;  the  precipitates  are  brown  and  flocculent.  Their  formation 
and  separation  are  assisted  by  acidifying  with  sulphuric  acid.  By  wash- 
ing the  precipitate,  dissolving  it  in  solution  of  svdphurous  acid,  and 
evaporating  on  the  water-bath  to  remove  the  excess  of  sulphurous  acid 
and  the  hydriodic  acid,  the  alkaloid  will  remain  in  combination  with 
sulphuric  acid.  If  the  precipitate  was  thrown  down  from  a  solution 
containing  much  organic  matter,  it  should  be  dissolved  in  a  dilute 
solution  of  hyposulphite  of  soda,  filtered,  the  filtrate  re-precipitated  vidth 
the  iodine  solution,  and  the  precipitate  treated  in  the  manner  described 
above. II II 

Potassium  mercury  iodide  precipitates  solutions  of  the  salts 
of  all  the  alkaloids.  The  precipitates  are  white  or  yellov/ish  white, 
insoluble  in  water  and  in  dilute  hydrochloric  acid. 

Potassium  cadmium  iodicle^^  gives  precipitates  with  solutions 
of  salts  of  the  alkaloids  which  have  been  acidified  with  sulphuric  acid, 
even  when  they  are  very  dilute ;  these  precipitates  are  at  fii'st  flocculent 
and  white,  but  some  of  them  become  crystalline  after  a  short  time. 
They  are  insoluble  in  ether,  readily  soluble  in  alcohol,  less  soluble  in 
water,  readily  soluble  in  excess  of  the  precipitant.  They  have  a  ten- 
dency to  decompose  by  long  standing.  The  alkaloid  may  be  obtained 
from  the  undecomposed  precipitate  by  mixing  it  with  an  alkaline 
carbonate  or  hydrate  and  water,  and  then  shaking  it  with  some  solvent 

*  Zeifc.  anal.  Chem.,  4,  387. 

+  Verhalten  der  toicJitigsten  Alkaloide  gerjen  Beagentien  (Heidelberg,  1846). 
t  Zeit.  anal.  Chem.,  6,  123.  ||  Ibid.,  5,'  40G. 

U  Ann.  Chem.  Pharm.,  104,  47.         **  Ibid.,  109,  179. 

ft  Jour.  pr.  Chem.,  80,  211.  t+  Pharm.  Centralhalle,  lOr  Jahrg.,  131. 

II II  If  the  brownish-red  precipitate  produced  on  mixing  the  iodine  solution  with 
a  salt  of  strychnine  is  dissolved  in  alcohol  containing  sulphiiric  acid  and  evapo- 
rated, prismatic  crystals,  which  act  strongly  on  polarized  light,  are  obtained 
(de  Vrij  and  van  der  Burg,  "Jahresber.  von  Liebig  u.  Kopp,"  1857,602). 
As  regards  the  sulphate  of  iodoquinine,  comp.  §  2.35,  7. 

mi  Prepared  by  saturating  a  boiling  concentrated  solution  of  iodide  of  potassium 
with  iodide  of  cadmium,  and  adding  an  equal  volume  of  a  cold  saturated  solution 
of  iodide  of  potassium.    The  concentrated  solution  keeps  well,  but  not  the  dilute. 
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which  is  immiscible  with  water,  such  as  benzene,  amylic  alcoliol,  ether, 
or  the  like. 

Potassium  bismuth  iodide*  added  drop  by  drop  to  solutions 
containing  a  salt  of  the  alkaloid  acidified  with  sulphuric  acid  (10  c.c. 
of  the  alkaloid  solution  and  5  drops  of  concentrated  sulphuric  acid)  pro- 
duces a  flocculent  orange  precipitate  almost  immediately  if  nicotine, 
oonine,  morphine,  narcotine,  quinine,  cinchonine,  strychnine,  brucine, 
atropine,  and  most  other  alkaloids  are  present ;  veratrine,  on  the  other 
hand,  gives  only  a  faint  turbidity.  The  precipitate  formed  with  any  of 
the  first-named  alkaloids  agglutinates  together  to  some  extent  when 
heated,  dissolves  on  long-continued  boiling,  and  separates  again  for  the 
most  part  on  cooling.  None  of  the  precipitates  is  crystalline.  The 
alkaloids  may  be  separated  from  the  precipitate  in  the  manner  described 
in  the  preceding  paragraph, 

Phosphomolybdic  acidfis  precipitated  by  the  solutions  of  all 
allcaloids,  even  when  their  quantity  is  very  minute.  The  precipitates 
are  Hght  yellow,  ochreous  or  brownish  yellow,  insoluble  or  sparingly 
soluble  at  the  ordinary  temperature  in  water,  alcohol,  ether,  and  dilute 
mineral  acids,  with  the  exception  of  phosphoric  acid ;  they  are  most 
insoluble  in  dilute  nitric  acid,  especially  when  it  contains  some  of  the 
reagent ;  acetic  acid  also  is  almost  without  action  in  the  cold,  but  has  a 
solvent  action  if  hot.  The  precipitates  dissolve  in  the  hydrates  and 
carbonates  of  the  alkalies,  generally  with  ease  and  with  separation  of 
the  alkaloids ;  the  alkaline  earths,  the  oxides  of  silver  and  lead  and 
their  carbonates  also  slowly  decompose  the  precipitates  with  hberation 
of  the  alkaloid.  The  latter  may  be  removed  by  shaking  with  ether, 
amylic  alcohol,  benzene,  or  the  Uke. 

Pliosphoantimonic  acid,  obtained  by  dropping  perchloride  of 
antimony  into  aqueous  phosphoric  acid,  hke  phosphomolybdic  acid  gives 
precipitates  with  ammonia  and  with  most  of  the  alkaloids  (but  not  with 
caffeine).  The  reactions  are  delicate,  but  generally  less  so  than  with  the 
reagent  last  mentioned,  especially  in  the  case  of  nicotine  and  conine ; 
this  reagent  is,  however,  a  more  delicate  test  for  atropine  than  phospho- 
molybdic acid.    The  precipitates  are  mostly  flocculent  and  whitish ;  the 

*  To  prepare  this  reagent,  Dragendorff  recommends  tliat  32  parts  of  sulphide 
of  bismuth  should  be  heated  in  a  combustion  tube  sealed  at  one  end  with  41*5  parts 
of  iodine,  the  iodide  of  bismuth  collected  in  a  receiver,  purified  by  re-sublimation, 
and  heated  with  solution  of  iodide  of  potassium  ;  this  is  filtered  hot,  and  an  equal 
volume  of  a  cold  saturated  solution  of  iodide  of  potassium  added  to  the  filtrate. 
The  concentrated  orange-coloured  solution  keeps  well,  but  not  the  dilute.  No 
turbidity  should  be  produced  on  mixing  10  c.c.  water  with  5  drops  of  concentrated 
sulphuric  acid  and  adding  1  or  2  drops  of  the  reagent.  Fron  (Chem.  Centralbl., 
1875,  26.3)  prepares  the  solution  by  mixing  1'5  gram  of  freshly  precipitated  basic 
nitrate  of  bismuth  (without  washing  it)  with  20  c.c.  of  water,  heating  to  boiling, 
adding  7  grams  of  iodide  of  potassium,  and  then  20  drops  of  hydrochloric  acid. 
Before  using  this  reagent  to  precipitate  the  solution  containing  the  alkaloid,  a  few 
drops  of  hydrochloric  acid  must  be  added  to  the  latter,  otherwise  the  reagent  will 
be  decomposed  by  the  water. 

t  Prepared  as  follows: — The  nitric  acid  solution  of  molybdate  of  ammonia  is 
precipitated  with  ordinary  phosphate  of  soda,  the  precipitate  well  washed,  sus- 
pended in  water,  and  warmed  with  a  solution  of  carbonate  of  soda  until  it  is  com- 
pletely dissolved.  The  solution  is  evaporated  to  dryness,  the  residue  ignited,  and 
if  reduction  has  taken  place,  it  is  moistened  with  nitric  acid  and  ignited  again. 
The  product  is  warmed  with  water,  and  dissolved  by  adding  nitric  acid  in  con- 
siderable excess.  One  part  of  the  residue  should  make  10  parts  of  solution.  The 
golden  yellow  solution  must  be  protected  from  ammoniacal  fumes. 
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brucine  precipitate,  however,  is  rose-colourerl ;  on  heating,  this  dissolves, 
but  on  cooling  it  separates  again,  leaving  the  solution  of  an  intense- 
carmine  colour. 

Phosphotungstic  acid  precipitates  the  solutions  of  all  the 
alkaloids ;  the  precipitates  are  white  and  flocculent.  This  reaction  is 
extremely  delicate ;  acid  solutions  containing  1  :  200,000  of  strychnine 
or  1  :  10,000  of  quinine  are  rendered  distinctly  turbid ;  if  the  precipitate 
settles  at  the  bottom  of  the  vessel  after  the  lapse  of  twenty-four  hours, 
it  may  be  collected  on  a  filter,  and  washed  with  acidulated  water  with- 
out passing  through  the  filter.  The  precipitate  is  decomposed  by  lime 
or  baryta  with  formation  of  an  insoluble  phosphotungstate  and  separa- 
tion of  the  alkaloid. 

Picric  acid  precipitates  almost  all  the  alkaloids,  even  from  solu- 
tions containing  a  large  excess  of  sulphuric  acid.  The  precipitates, 
which  are  yellow  and  crystalline  or  soon  become  crystalline,  are  in- 
soluble in  excess  of  the  precipitant ;  they  are  usually  formed  even  in 
very  dUute  solutions;  the  exceptions  will  be  considered  under  the 
individual  alkaloids. 

B.  PEOPEETIES  AND  EEACTIONS  OF  THE  INDIVIDUAL  ALKALOIDS. 

I.  Volatile  Alkaloids. 

The  volatile  alkaloids  are  liquid  at  the  ordinary  temperature,  and 
may  be  volatilized  in  the  pure  state  as  well  as  with  v/ater  vapour ;  they 
pass  over,  therefore,  with  the  distillate  when  their  salts  are  distilled  with 
strong  fixed  bases  and  water.  Their  vapours,  when  brought  in  contact 
with  those  of  volatile  acids,  form  a  white  cloud. 

1.  Nicotine,  C,,H,,IT,  [C,„h„n,]. 
§  231. 

1.  Nicotine  occurs  in  the  leaves  and  seed  of  tobacco,  and  in  its  pui-e 
state  forms  a  colourless,  oily  liquid,  which  becomes  yellowish  or  brownish 
on  exposure  to  the  air.  Its  sp.  gr.  (compared  with  water  at  4°)  is  1  "01 837 
at  10'2°  and  I'OllOl  at  20°  (Landolt).  In  an  atmosphere  of  hydi-ogen 
it  boUs  at  247°  without  decomposition  (Landolt),  but  when  heated  to 
boiling  in  contact  with  air  it  is  partly  decomposed. 

It  mixes  with  water  in  all  proportions,  but  on  adding  hydrate  of 
potassa  or  soda  it  separates  from  the  solution.  It  is  easily  soluble  in 
alcohol,  ether,  amyl  alcohol,  and  light  petroleum. 

Nicotine  has  a  peculiar,  disagreeable,  somewhat  ethereal  odour,  re- 
calling that  of  tobacco.  When  heated,  it  emits  a  very  powerful  odour  of 
tobacco.  It  has  a  pungent  burning  taste,  and  is  very  poisonous.  When 
dropped  on  paper,  it  leaves  a  transparent  spot,  which  slowly  disappears ; 
it  turns  turmeric-paper  brown  and  litmus-paper  blue.  These  reactions 
are  more  distinct  with  a  concentrated  aqueous  solution  of  nicotine  than 
with  the  pure  alkaloid. 

2.  Nicotine  is  a  tolerably  strong  base ;  it  precipitates  metalHc 
oxides  from  their  solutions,  and  forms  salts  with  acids ;  tliese  are  not 
volatile  or  scarcely  volatile,  and  freely  soluble  in  water  and  alcohol,. 

*  This  reagent  is  prepared  by  adding  eome  phosphoric  acid  to  a  solution  of 
ordinary  tungstate  of  soda. 
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insoluble  in  etliei'  with  the  exception  of  the  acetate,  and  insoluble  in 
ixmylic  alcohol,  chloroform,  benzene,  and  light  peti'oleum ;  they  are 
inodorous,  but  taste  strongly  of  tobacco ;  some  of  them  are  crystallizable. 
Their  solutions  may  be  evaporated  at  a  gentle  heat  without  loss  of  nico- 
tine, but  when  distilled  with  solution  of  potassa  they  give  a  distillate 
containing  nicotine.  By  neutralizing  this  with  oxalic  acid,  and  evapo- 
rating, oxalate  of  nicotine  is  obtained,  which  may  be  freed  from  any 
admixture  of  oxalate  of  ammonia  by  treatment  with  spirit,  in  which 
the  former  is  soluble,  the  latter  insoluble. 

o.  If  an  aqueous  solution  of  nicotine,  or  a  solution  of  a  salt  of  nico- 
tine mixed  with  solution  of  soda  or  potassa,  is  shaken  with  ether  or  light 
petroleum,  the  nicotine  is  taken  up  by  the  solvent ;  if  the  latter  is  then 
allowed  to  evaporate  on  a  watch-glass  at  20°  or  30°,  the  nicotine  remains 
behind  in  drops  and  streaks  ;  on  warming  the  watch-glass,  it  volatilizes, 
forming  white  fumes  of  strong  odour.  If  an  ethereal  solution  of  hydro- 
chloric acid  is  added  to  the  evaporating  liquid,  a  yellowish  amorphous 
residue  of  hydrochloride  of  nicotine  is  left,  which  becomes  crystalline  if 
kept  for  a  considerable  time. 

4.  Chloride  of  platinum  produces  a  yellowish- white  flocculent  pre- 
cipitate in  aqueous  solutions  of  nicotine  or  its  salts  if  not  too  dilute. 
On  heating  the  liquid  in  which  the  precipitate  is  suspended,  it  dissolves, 
but,  on  continuing  to  heat,  it  very  speedily  separates  again  as  an  orange- 
yellow,  crystalhne,  heavy  powder,  which,  under  the  microscope,  appears 
to  be  composed  of  roundish  crystalline  grains.  If  chloride  of  platinum  is 
added  to  a  rather  dilute  solution  of  nicotine  supersaturated  with  hydro- 
chloric acid,  it  remains  clear  at  first,  but  after  a  time  the  double  salt 
separates  in  small  crystals  (oblique,  four-sided  prisms),  clearly  discernible 
with  the  naked  eye.  An  alcoholic  solution,  containing  some  free  hydro- 
chloi'ic  acid,  gives  a  yellow  precipitate  immediately  on  the  addition  of 
hydrochloric  acid ;  the  platinochloride  separates  as  a  sandy  powder, 

5.  Chloride  of  gold  added  in  excess  to  aqueous  solutions  of  the 
alkaloid  or  its  salts  throws  down  a  reddish-yellow  flocculent  precipitate, 
sparingly  soluble  in  hydrochloric  acid. 

6.  The  solution  of  iodine  in  iodide  of  potassium,  when  added  in 
small  quantity  to  an  aqueous  solution  of  nicotine,  produces  a  yellow  pre- 
cipitate, which  disappears  after  a  time ;  on  adding  more  iodine  solution, 
a  copious  kermes-coloured  precipitate  separates ;  but  this  also  disappears 
again  after  a  time. 

7.  Solution  of  tannic  acid  gives  a  copious  white  precipitate  with 
aqueous  solution  of  nicotine ;  this  re-dissolves  on  adding  hydrochloric 
acid  or  dilute  sulphuric  acid. 

8.  If  an  aqueous  solution  of  nicotine  is  added  to  excess  of  solution 
of  mercuric  chloride,  an  abundant,  flocculent,  white  precipitate  is 
formed,  soluble  in  hydrochloric  acid  and  in  chloride  of  ammonium 
solution.  A  neutral  solution  of  hydrochloride  of  nicotine  is  also 
precipitated  by  mercuric  chloride,  but  not  if  it  contains  excess  of  acid. 

9.  Cold  concentrated  sulphuric  acid  and  nitric  acid  of  1-2  sp.  ^r. 
dissolve  nicotine  without  any  coloration.  Cold  nitric  acid  of  1-4  sp.  ^v. 
dissolves  it,  forming  a  red  solution.  "  ^ 

10.  By  gently  warming  1  drop  of  nicotine  with  3  or  4  drops  of 
hydrochloric  acid  of  1-12  sp.  gr.,  a  pale  brownish-red  solution  is 
obtained,  and  if  after  cooling  a  drop  of  nitric  acid,  sp.  gi\  =  1-4  be 
added,  the  solution  will  become  violet-red,  gradually  changing  to  red 
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11.  If  an  ethereal  solution  of  iodine  is  added  to  solution  of  1  part 
of  nicotine  in  about  100  parts  of  etliei-,  a  brownish-red  resinous  oil  is 
precipitated,  which  gradually  solidifies  to  a  crystalline  mass.  The  clear 
pale  brownish-yellow  solution  after  some  time  yields  long  transparent, 
ruby-red,  acicular  crystals,  which  exhibit  a  dark  blue  liLstre  l>y  i-eflected 
light.    (Roussin's  crystals.) 

12.  On  adding  an  excess  of  picric  acid  to  an  aqueous  solution  of 
nicotine,  or  to  a  solution  of  a  nicotine  salt,  a  yellow  precipitate  is  formed  ; 
this  is  soluble  in  hydrochloric  acid. 

13.  Chlorine  water  forms  a  white  turbidity  or  slight  precipitate  in 
an  aqueous  solution  of  nicotine,  which,  however,  immediately  disappears 
on  the  addition  of  hydrochloric  acid. 

14.  According  to  DragendorfF  and  Zalewsky,  the  general  re- 
agents for  alkaloids  added  to  O'l  c.c.  of  a  neutral  solution  of  nicotine 
hydrochloride  give  reactions  when  the  following  amounts  of  nicotine  are 
present : — For  platinic  chloride,  1  part  in  5000 ;  auric  chloride,  1  part 
in  10,000  ;  phosphomolybdic  acid,  1  part  in  40,000  ;  potassium,  bismuth 
iodide,  1  part  in  40,000  ]  potassium  mercuric  iodide,  1  part  in  15,000  ; 
mercuric  chloride,  1  part  in  1000 ;  tannic  acid,  1  part  in  500  ;  solution 
of  iodized  iodide  of  potassium,  1  part  in  1000. 

2.  Conine,  C^.H^^N  [C,H,,N]. 
§  232. 

1.  Conine  occurs  in  the  seeds  of  the  hemlock  (C.  macidatum), 
especially  if  unripe,  and  also  in  other  parts  of  the  plant ;  it  is  a  colour- 
less oily  liquid,  of  0'886  sp.  gr.,  which  becomes  brown  on  exposure  to 
air.  In  the  pure  state,  it  boils  at  168'5°,  and  distils  unaltered  in  a  ciurent 
of  hydrogen ;  but  if  distilled  in  vessels  containing  air,  it  turns  brown 
and  is  decomposed  in  part ;  it  passes  over  freely  with  aqueous  vapour. 
It  is  only  sparingly  soluble  in  water,  90  parts  of  water  dissolving  1  part 
of  conine  at  the  ordinary  temperature  •  the  solution  becomes  turbid  on 
warming,  and  clear  again  on  cooling.  Conine  is  miscible  in  all  propor- 
tions with  alcohol,  and  is  easily  soluble  ia  ether,  light  petroleum,  and 
the  volatile  and  fatty  oils ;  somewhat  less  soluble  in  chloroform.  The 
aqueous  r.nd  alcoholic  solutions  have  a  strongly  alkaline  reaction. 
Conine  is  volatile  to  a  considerable  extent  at  the  ordinary  temperature ; 
it  has  a  very  strong,  pungent,  repulsive  odour  resembling  that  of  mouse 
urine ;  *  the  fumes  affect  the  head,  and  it  is  very  poisonous. 

2.  Conine  is  a  strong  base,  precipitating  metallic  oxides  from  their 
solutions  in  a. way  similar  to  ammonia,  and  forming  salts  with  acids; 
these  are  solulsle  in  water  and  in  spirit,  insoluble  in  light  petroleum, 
and  insoluble  or  but  little  soluble  in  ether.  "With  the  volatile  acids, 
conine  forms  thick  white  fumes.  Hydrochloride  of  conine  crystalHzes 
readily ;  the  smallest  quantity  of  the  base  brought  in  contact  with  a 
trace  of  hydrochloric  acid  yields  almost  immediately  a  corresponding 
quantity  of  non-deliquescent  rhombic  crystals  (T.  Wertheim).  Sul- 
phate of  conine  separates  from  its  solution  at  first  in  needles,  later  on  in 
large  plates  ( D r  a g  e  n  d  o  r  IT ) .    The  dry  salts  do  not  smell  of  the  alkaloid , 


*  According  to  Zalewsky,  wlien  it  is  quite  pure  the  odour  is  different. 
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and,  when  moistened,  they  smell  but  feebly  of  it;  on  adding  soda  solution, 
however,  they  at  once  emit  a  strong  odour,  and,  on  distilling,  conine 
passes  over  with  the  distillate.  On  neutralizing  this  with  oxalic  acid, 
evaporating  to  dryness,  and  treating  the  residue  with  spirit,  the  oxalate 
of  Conine  is  dissolved,  whilst  any  oxalate  of  ammonia  that  may  be 
present  remains  undissolved. 

As  Conine  is  only  sparingly  soluble  in  water,  and  dissolves  with  still 
gx-eater  difficulty  in  solution  of  the  alkalies,  a  concentrated  solution  of  a 
salt  of  conine  turns  milky  on  addition  of  soda  solution.  The  minute 
drops  which  separate  gradually  unite  and  collect  on  the  surface. 

3.  If  an  aqueous  solution  of  a  salt  of  conine  is  shaken  with  solution 
of  soda  and  ether  or  light  petroleum,  the  conine  is  ta,ken  up  by  the 
solvent.  If  the  lattei-  is  then  allowed  to  evaporate  on  a  watch-glass  at 
20°  or  30",  the  conine  is  left  in  yellowish  oily  drops. 

4.  In  solutions  of  the  alkaloid  or  its  salts,  chloride  of  gold  pi^oduces 
a  yellowish-white  pi-ecipitate,  insoluble  in  hydrochloric  acid. 

5.  Mercuric  chloride  gives  with  conine  a  copious  white  pre- 
cipitate, soluble  in  hydrochloric  acid. 

6.  Chloride  of  platinum  does  not  precipitate  solutions  of  hydro- 
chloride of  conine  even  if  they  are  concentrated  ;  moreover,  no  pre- 
cipitate is  formed  on  the  addition  of  alcohol  (distinction  from  nicotine). 

7.  If  chlorine  water  is  added  to  conine  mixed  with  water,  an  abun- 
dant white  precipitate  is  formed,  easily  soluble  in  hydrochloric  acid. 

8.  If  a  little  water  and  then  a  concentrated  solution  of  picric  acid 
IS  added  to  conine,  a  yellow  precipitate  is  thrown  down ;  a  somewhat 
dilute  solution  is  not  precipitated. 

9.  With  solution  of  iodine  in  iodide  of  potassium,  and  with 
tannic  acid,  conine  behaves  like  nicotine. 

10.  Conine  dissolves  without  any  coloration  in  cold  concentrated 
sulphuric  acid  and  in  cold  nitric  acid  of  1  -4  sp.  gr. 

11.  According  to  Dragendorflf  and  Zalewsky,  the  usual  alka- 
loid reagents  added  to  0-1  c.c.  of  a  neutral  solution  of  sulphate  of 

conine  give  reactions  when  present  in  the  following  proportions  :  

Phosphomolybdic  acid,  1  in  6000 ;  potassium  bismuth  iodide,  1  in  6000  • 
potassium  mercuric  iodide,  1  in  1000;  tannic  acid,  1  in  100-  iodized 
iodide  of  potassium,  1  in  10,000.  ' 

_  As  the  volatile  alkaloids  ai'e  most  easily  recognized  when  pure,  the 
chief  aim  of  the  analyst  must  be  to  obtain  them  in  that  state.    The 'way 
of  effecting  this  is  the  same  for  nicotine  and  conine,  and  has  already 
been  given  in  the  foregoing  paragi'aphs.    The  solution  is  distilled  with 
addition  of  solution  of  soda,  the  distillate  neutraHzed  with  oxalic  acid 
evaporated,  and  the  residue  dissolved  in  alcohol,  and  evapoi-ated.  The 
product  IS  then  treated  with  water,  solution  of  soda  added,  the  mixture 
shaken  with  ether  or  light  petroleum,  and  the  solvent  containing  the 
alkaloid  allowed  to  evaporate  spontaneously  at  20°.    Conine  is  distin 
giushed  from  nicotine  chiefly  by  its  odour,  its  sparing  solubility  in  water 
the  behaviour  of  its  aqueous  solution  when  heated,  the  rapid  crystal' 
hzation,  crystalline  form,  and  optical  properties  of  its  hydrochloride  and 
also  by  Its  behaviour  with  chloride  of  platinum  and  with  picric  acid 
ihe  behaviour  of  nicotine  is  chiiracteristic  on  heating  it  with  hvdro" 
chloric  acid  and  then  addhig  nitric  acid,  and  more  particularly  the 
reaction  with  ethereal  solution  of  io.line.    Lastly,  it  should  be  remem 
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bered  tlint  the  genei-al  reagents  for  alkaloids  throw  down  nicotine  from 
far  more  dilute  solutions  than  they  do  conine.* 

II.    JSTON-VOLATILE  ALKALOIDS. 

The  non-volatile  alkaloids  are  solid,  and  cannot  be  distilled  over  with 
water. 

Pirst  Group. 

Non-volatile  Alkaloids  which  are  precipitated  by  Potassa  or  Soda 
from  the  Solutions  of  their  Salts,  and  re-dissolve  readily  in  an 
excess  of  the  precipitant. 

Of  the  alkaloids  treated  of  here,  only  one  belongs  to  this  group, 
namely : — 

Morphine  or  Morphia,  C3,H,,N0e  [C„H„NO,]. 

§  233. 

1.  Morphine  occurs  with  the  alkaloids  codeine,  thebaine,  papaverine, 
narcotine,  narceine,  &c.,  and  with  meconic  acid  and  the  indifferent  non- 
nitrogenous  compounds,  meconin  and  meconoisin,  in  opium,  the  dried 
milky  juice  of  the  green  capsules  of  the  poppy  {Papaver  somniferum). 
Crystallized  morphine,  C3,H„N0^  +  2aq  [C,,H,,N03,H,0],  usually  forms 
colourless,  brilliant,  transparent  needles,  rhombic  prisms,  or,  when 
obtained  by  precipitation,  a  white  crystalline  pow-der.  It  has  a  bitter 
taste,  and  dissolves  in  1000  parts  of  cold  and  400  parts  of  boiling 
water ;  cold  absolute  alcohol  dissolves  ^oth  and  boiling  alcohol  yVth 
of  its  weight,  whilst  spirit  of  90  per  cent,  in  the  cold  dissolves 
yi^th,  and  when  boiling  g^th.  The  solutions  of  morphine  in  alcohol 
or  in  hot  water  are  distinctly  alkaline,  and  have  a  bitter  taste.  Mor- 
phine is  almost  insoluble  in  ether,  especially  when  crystallized,  but  dis- 
solves in  amyUc  alcohol,  especially  when  hot ;  it  is  insoluble  in  benzene 
(Eodgers),  and  very  sparingly  soluble  in  chloroform  (Pettenkofer, 
V.  d.  Burg).  Crystallized  morphine  loses  its  water  of  crystallization 
at  120°  (C.  Tauscht  gives  100°);  when  cautiously  heated,  morphine 
melts,  and  may  be  sublimed  without  decomposition.J 

2.  Morphine  neutralizes  acids  completely,  and  forms  with  them  the 
salts  of  morphine.  Most  of  these  are  crystalline,  easily  soluble^ in 
water  and  also  in  spirit  of  wine  (the  sulphate,  however,  requires  700 
parts  of  cold  and  144  parts  of  boiling  alcohol  of  sp.  gi-.  0-82),  insoluble 
in  ether,  chloroform,  and  amylic  alcohol;  their  taste  is  disagreeably 
bitter.    Morphine  and  its  salts  are  poisonous. 

3.  Potassa,  soda,  and  ammonia  throw  down  from  the  solutions  of 
salts  of  morphine — generally  only  after  some  time — a  Avhite  crystalline 

*  For  the  detection  of  conine  in  presence  of  nicotine_by  means  of  platiuo- 
iodide  of  potassium,  see  Selmi,  Ber.  deut.  chem.  Ges.,  9,  195. 

t  Zeit.  anal.  Chem.,  19,  505.-  „   ,  4.1  „ 

X  For  the  best  way  of  subliming  morphine  and  other  alkaloids,  and  tor  tue 
value  of  the  sublimate  in  microscopic  diagnosis,  see  Helwig  (Zeit.  anal.  Chem., 
3,  43).  In  "  Das  31ikroscop  in  dor  Toxikologic  "  by  Dr.  A.  Helwig  (\  .  v  Zabern, 
Mainz,  1864)  the  subject  is  treated  more  completely,  and  lUustrated  by  photo- 
Kraphs  of  the  microscopic  preparations.  For  tbis  interesting  experiment  to 
succeed,  it  is  necessary  that  the  alkaloid  should  be  perfectly  pure  and  free  from  aU 
extraneous  organic  matter. 
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powder,  consisting  of  morphine  containing  water  of  crystallization. 
Stirring  and  rubbing  the  sides  of  the  glass  vessel  under  the  liquid 
promote  the  separation  of  the  precipitate,  which  re-dissolves  with  great 
i-eadiness  in  excess  of  potassa  or  soda,  but  more  sparingly  in  ammonia. 
It  is  also  soluble  in  chloiide  of  ammonium  and,  though  with  difficulty 
only,  in  cai-bonate  of  ammonia.  On  shaking  a  solution  of  morphine  in 
potassa  or  soda  with  ether,  very  little  of  the  alkaloid  passes  into  the 
ether ;  on  shaking  it  with  warm  amy  lie  alcohol,  however,  the  whole  of 
the  alkaloid  is  ta,ken  up  by  the  latter. 

4.  Carbonate  of  potassa  or  carbonate  of  soda  produces  the  same 
precipitate  as  potassa,  soda,  or  ammonia,  but  does  not  re-dissolve  it  when 
in  excess.  Consequently,  if  a  fixed  alkaline  bicarbonate  is  added  to  a 
solution  of  morphine  in  potassa  or  soda,  or  if  carbonic  acid  is  passed 
into  the  solution,  morphine  with  water  of  crystalHzation  separates — 
especially  after  ebullition — as  a  crystalKne  powder.  On  careful  inspec- 
tion, particularly  with  a  lens,  it  is  seen  that  this  powder  consists  of 
small  acicular  crystals  ;  magnified  100  times,  these  crystals  present  the 
form  of  rhombic  prisms. 

5.  Bicarbonate  of  soda  or  potassa  throws  down  hydrated  morphine 
from  solutions  of  neutral  salts  of  morphine  as  a  crystalline  powder.  The 
precipitate  is  insoluble  in  excess  of  the  precipitants.  Acidified  solutions 
of  salts  of  morphine  are  not  precipitated  in  the  cold  by  these  reagents. 

^  6.  The  action  of  strong  nitric  acid  on  morphine  or  one  of  its  salts, 
m  the  solid  state  or  in  concentrated  solutions,  produces  a  yellowish-red 
colour;  on  adding  stannous  chloride  there  is  no  violet  coloration, 
as  m  the  case  of  brucine.  When  nitric  acid  is  added  to  dilute  solutions, 
there  is  no  change  in  colour  in  the  cold,  but  on  heating  they  acquire  a 
yellow  tint.  o      ./  i 

7.  Concentrated  sulphuric  acid  dissolves  morphine  in  the  cold  form- 
ing a  colourless  solution.    If  a  trace  of  nitrate  of  potassa  is  added  to 
the  freshly  prepared  solution,  it  sometimes  becomes  reddish  for  an  instant 
where  the  two  are  in  contact,  but  this  quickly  changes  to  brown;  some- 
times a  brown  colour  alone  is  produced.    If,  however,  the  solution  of 
morphine  in  concentrated  sulphuric  acid  is  allowed  to  remain  for  twelve 
to  fifteen  hours,  and  is  then  heated  at  100°  for  half  an  hour  or  for  a 
moment  to  loO  ,  an  essential  alteration  takes  place.    This  is  apparent 
from  the  appearance  of  a  feeble,  dirty-violet  coloration,  but  is  especially 
manifest  when  the  cooled  solution  is  treated  with  a  trace  of  nitrate  of 
potassa,  or  a  drop  of  nitric  acid,  sp.  gr.  =  1  %  on  a  porcelain  plate  :  a  mag- 
nificent coloration  is  produced,  which  according  to  the  author's  observa- 
tion IS  sometimes  violet  at  first,  and  then  turns  a  blood-red,  or  is 
sometimes  of  a  blood-red  at  once,  with  a  slightly  brownish  tinge  ;  with 
extremely  small  quantities  it  is  only  of  a  rose  tint  (A.  Husemann*) 
Ihe  reaction  IS  very  characteristic  and  also  very  delicate,  although  per- 
haps not  quite  so  delicate  at  Frohde's  (vide  8).    Kauzmann  and 

tn'rfnnAA.  ^''''^^^'^      ^^''^  ^^^'^^^^       ^^^^ect  from  0-00001 

to  0  00002  gi-am  of  dry  morphine  sulphate. 

8.  If  a  solution  of  molybdic  acid  or  of  the  molybdate  of  an  alkali 
in  concentrated  sulphuric  acid  is  mixed  with  morphine  or  a  dry  salt 
of  morphine,  a  very  characteristic  coloration  is  produced,  even  with  the 

*  Zeifc.  anal.  Chem.,  3,  149,  and  16,  103. 
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smallest  particle  of  morphine  (Frdlicle*);  tliis  colour  varies  somewhat 
with  the  amount  of  molybdic  acid  dissolved  in  the  sulphuric  acid. 
Frohde  employed  a  solution  containing  0-005  gram  of  molybdate  of 
soda  in  1  c.c.  The  author,  however,  agrees  with  Buckinghamt  in 
giving  the  preference,  at  least  for  the  examination  of  solutions  of  mor- 
phine saltSjJ  to  a  concentrated  solution  containing  O'l  gram  of  molylxliite 
of  ammonia  in  1  c.c.  sulphuric  acid.  If  a  few  drops  of  the  solution  be 
placed  upon  a  porcelain  plate  and  a  very  minute  crystal  of  morphine 
added  and  ci'ushed  with  a  glass  rod,  a  deep  violet  colour  is  at  once 
pi'oduced.  This  gradually  changes  to  an  olive-green,  whilst  the  edges 
of  the  sulphuric  acid  become  blue.  On  stirring,  the  solution  becomes 
brow'nish-green,  gradually  changing  to  a  beautiful  deep  blue.  On  adding 
a  drop  of  a  dilute  solution  of  a  morphine  salt  to  the  solution  of  molyb- 
date of  ammonia  in  concentrated  sulphuric  acid,  a  deep  blue  ring  is  at 
once  formed,  the  edge  of  which  is  sometimes  violet ;  the  centre  of  the  drop 
and  by  degrees  the  whole  of  the  liquid  gradually  becomes  of  a  mag- 
nificent blue  colour.  The  reaction  is  extremely  delicate.  Kauzmann 
and  Dragendoriril  were  able  to  detect  the  presence  of  0-000005  gram 
of  dry  morphine  sulphate  by  this  method  ;  the  reaction,  however,  is  not 
characteristic,  as  other  organic  substances,  such  as  phloridzin,  salicin, 
digitalin,  &c.,  yield  similar  colorations.  It  is  to  be  noted  that  the  reac- 
tion should  take  place  at  once,  for  the  solution  always  becomes  blue  if 
exposed  to  the  air  for  some  time,  owing  to  the  action  of  atmospheric 
dust.  On  adding  water  to  the  blue  liquid,  it  becomes  pale  yellow,  in 
fact  almost  colourless  (distinction  from  salicm,  which  under  these  circum- 
stances yields  a  reddish-coloured  solution). 

9.  If  1  part  of  morphine  is  intimately  mixed  with  6  to  8  parts  of 
white  sugar  on  a  porcelain  pla,te,  and  a  few  drops  of  concentrated 
sulphuric  acid  added,  a  rose-red  to  purple-red  solution  is  obtained,  the 
intensity  of  the  colour  depending  on  the  amount  of  morphine  present ; 
the  colour  remains  unchanged  for  a  considerable  time.  On  adding  water, 
the  colour  gradually  changes  through  a  bluish-violet  to  a  drrty  bluLsh- 
green,  and  finally  turns  to  dirty  brownish-yellow. 

Tlois  reaction  is  perfectly  distinct  with  0-0001  to  0-00001  gi^am  of 
morphine.  In  examining  dilute  solutions  of  morphine  salts  by  this 
method,  a  drop  of  the  solution  is  placed  on  a  porcelain  plate,  as  much 
sugar  added  as  the  liquid  will  dissolve,  a  drop  of  concentrated  sulphuric 
acfd  is  placed  near  it,  and  the  two  mixed  by  inclining  the  plate  (R. 
Schneiderll).  The  addition  of  1  to  at  most  3  drops  of  bromine  water 
still  further  increases  the  delicacy  of  the  reaction  (Weppen**)._ 

10  If  a  small  quantity  of  morphine  is  dissolved  in  about  1  to  1  "O  c.c. 
of  concentrated  hydrochloric  acid,  a  drop  of  concentrated  sulphuric 
acid  added,  and  the  mixture  heated  in  the  oil-bath  at  from  100  to  12U 
(heatino-  on  the  water-bath  will  also  answer)  until  all  the  hydrochloric 
acid  is  driven  off,  a  purplish-red  residue  is  obtained.  If  to  this  residue 
a  small  quantity  of  hydrochloric  acid  is  again  added,  theii  a  cold 
saturated  solution  of  bicarbonate  of  soda  until  the  mix-ture  is  neuti-al 
or  only  faintly  alkaline,  and  lastly,  a  drop  of  an  alcoholic  solution  ol 
iodine,  the  liquid  becomes  emerald-green.    On  shaking  this  solution 

*  Zeit.  anal.  Chem.,  5,  214.  t  '^i'^^  ' ,    „  „^^A,y.\U 

t  FrOlide's  reagent  must  be  employed  when  freshly  prepared,  as  it  gradually 

decomposes.  "'v  P",^^'^' 

11  Zeit.  anal.  Chem.,  12,  218.  **  13.  455. 
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with  ether,  the  substance  which  produces  the  green  coloration  (apomor- 
phine)  is  dissolved  by  the  ether  forming  a  layer  of  a  beautiful  violet-red 
colour  (Pellagri*).    Codeine  gives  the  same  reaction. 

11.  The  addition  of  neutral  ferric  chloride  to  concentrated  solu- 
tions of  morphine  salts  produces  a  beautiful  dai'k-blue  coloi-ation,  which 
ihsappears  on  adding  an  acid.  Excess  of  ferric  chloride  also  is  prejudicial 
to  the  delicacy  of  the  reaction ;  0-2  c.c.  of  a  5  per  cent,  solution  of  ferric 
chloride  is  sufficient  to  show  the  presence  of  morphine  in  a  solution  of 

0-  01  gram  of  hydrochloride  of  morphine  in  lOU  to  200  c.c.  of  water. 
With  these  propoitions,  Dragendoriff  obtained  the  reaction  with  solu- 
tions of  1  part  of  a  morphine  salt  in  1000  to  1500  parts  of  water.  If 
the  solution  of  the  morphine  salt  contains  vegetable  or  animal  extractive 
mattei's  or  acetates,  the  colour  is  not  pure  and  is  less  marked. 

12.  If  iodic  acid  or  iodate  of  soda  and  sulphuric  acid  is  added  to  a 
solution  of  morphine  or  of  a  salt  of  morphine,  iodine  separates.  In 
concentrated  aqueous  solutions,  the  separated  iodine  appears  as  a  kermes- 
brown  precipitate,  but  alcoholic  and  dilute  aqueous  solutions  are  merely 
coloured  a  bi'own  or  yellowish-brown  by  it.  The  addition  of  starch 
paste  to  the  solution,  either  before  or  after  adding  the  iodic  acid,  con- 
siderably increases  the  delicacy  of  the  reaction,  since  the  blue  tint  of 
the  iodide  of  starch,  which  in  exceedingly  dilute  solutions  often  does  not 
appear  until  after  the  lapse  of  some  time,  is  far  more  easily  detected  than 
the  brown  colour  of  the  iodine.  The  reaction  is  most  delicate  when  the 
iodic  acid  solution  is  mixed  with  starch  paste,  and  the  dry  morphia  salt 
is  added  to  the  mixture.  It  need  scarcely  be  mentioned  that  the  delicacy 
of  the  reaction  may  also  be  increased  by  shaking  with  bisulphide  of 
carbon,  which  dissolves  the  hberated  iodine  and  acquires  a  purple  tint. 
As  other  nitrogenous  bodies  such  as  albumin,  casein,  fibrin,  &c.,  likewise 

1-  educe  iodic  acid,  tliis  reaction  has  only  a  relative  value ;  if,  however, 
ammonia  is  added  after  the  iodic  acid,  the  liquid  becomes  colourless  if 
the  separation  of  iodine  has  been  caused  by  other  substances,  whilst 
the  coloration  becomes  much  more  intense  if  it  is  due  to  morphine 
(LefortJ). 

13.  Tannic  acid  throws  down  a  white  precipitate  from  aqueous 
solutions  of  salts  of  morphine  if  they  are  not  too  dilute ;  this  is  readily 
soluble  in  acids. 

14.  Picric  acid  throws  down  yellow  picrate  of  morphine  from  con- 
centrated solutions  of  morphine  salts  ;  it  dissolves  on  adding  water. 

15.  The  most  delicate  general  reagents  for  morphine  are  phospho- 
iiiolybdic  acid,  potassium  bismuth  iodide,  iodized  iodide  of  potassium, 
and  potassiomercuric  iodide. || 

*  Zeit  anal.  Chem.,  17,  373.  t  Loc  cit.,  p.  125. 

t  Lefoi-t,  Zeit.  anal.  Cbem.,  1,  134.  The  reducing  power  of  morphine, 
renders  the  following  reactions  available  for  its  detection  :  nitrate  of  silver, 
Horsley,  ibid.,  7,  485),  ferricyanide  of  potassium  and  ferric  chloride,  KiefFer, 
Kalbrunner,  ibid.,  12,  444;  and  ammoniacal  oxide  of  copper;  Nadler,  ibid., 
13,  235. 

II  For  other   reactions  for   the   detection   of  morphine,   see  Pelletier, 
Fliickiger,  Zeit.   anal.    Chem.,  11,   319;  Nadler,  ibid.,  13,   236  ;  Grove, 
Siebold,   ibid..  13,  2.36;    Fliickiger,  ibid.,  19,  120;   Lindo,  ibid.,  19,  359; 
Tatersall,  ibid.,  20,   119;   Vitali,  ibid.,  21,  581;  Jorissen,  ibid.,  20,  422 
I'alm,  ibid.,  22,  224;  Grimaux,  ibid.,  22,  267;  Mandolin,  ibid.,  23,  235.  ' 


422 


KAPtCOTINlv 


[§  234. 


Second  Group. 

Non- volatile  Alkaloids  which  are  precipitated  by  Potassa  from  the 
Solutions  of  their  Salts,  but  do  not  re-dissolve  to  any  perceptible 
extent  in  Excess  of  the  Precipitant,  and  are  precipitated  by 
Bicarbonate  of  Soda  even  from  Acid  Solutions,  if  the  latter  are 
not  diluted  in  a  larger  proportion  than  1  :  100;  Narcotine, 
Quinine,  Cinchonine. 

1.  Narcotine,  C^^H.^NOj,  [C,,H,,3N0,]. 
§  234. 

1.  JSTarcotine  accompanies  morphine  in  opium  (p.  418).  Crystallized 
narcotine  usually  forms  colourless,  brilliant,  right  rhombic  prisms,  or, 
when  precipitated  by  alkahes,  a  white,  loose,  crystalline  powder.  It  is 
insoluble  in  cold  water,  and  only  very  slightly  soluble  in  hot ;  alcohol 
and  ether  dissolve  it  but  sparingly  in  the  cold,  somewhat  more  readily 
on  heating.  It  dissolves  very  easily  in  chloroform,  sparingly  in  amyl 
alcohol,  more  readily  in  benzene,  whilst  it  is  almost  insoluble  in  light 
petroleum.  Solid  narcotine  is  tasteless,  but  the  alcoholic  and  ethereal 
solutions  are  intensely  bitter.  Narcotine  does  not  alter  vegetable 
colours.    It  melts  at  176°. 

2.  Narcotine  dissolves  readily  in  acids,  formmg  salts  with  them ; 
these  invariably  have  an  acid  reaction.  The  salts  with  weak  acids 
are  decomposed  by  a  large  amount  of  water,  and,  if  the  acid  is  volatile, 
even  on  evaporation.  Most  of  the  salts  of  narcotine  are  uncrystallizable, 
and  soluble  in  water,  alcohol,  and  ether;  they  have  a  bitter  taste. 
Narcotine  does  not  dissolve  in  water  acidified  with  acetic  acid ;  and 
when  a  solution  of  a  narcotine  salt  is  shaken  with  chloroform,  the 
narcotine  is- taken  up  by  the  chloroform  even  when  the  solution  con- 
tains free  acid  (Dragendorif).  Benzene,  amyl  alcohol,  and  light 
petroleum  do  not  take  up  any  narcotine  if  the  solution  is  acid. 

3.  The  alkalies  and  alkaline  carbonates  and  bicarbonates 
immediately  throw  down  narcotine  from  solutions  of  its  salts  in  the 
form  of  a  white  powder,  which,  magnified  100  times,  is  seen  to  be  an 
aggregate  of  small  crystalline  needles ;  the  precipitate  is  insoluble  in  an 
excess  of  the  precipitant.  When  a  solution  of  a  salt  of  narcotine  is 
mixed  with  ammonia,  and  ether  added  in  sufiicient  quantity,  the  pre- 
cipitate re-dissolves  in  the  ether,  two  distinct  layers  being  formed ;  if, 
now,  a  drop  of  the  ethereal  solution  is  evaporated  on  a  watch-glass,  the 
residue,  when  magnified  100  times,  is  seen  to  consist  of  small,  distinct, 
elongated,  and  lance-shaped  crystals. 

4.  Concentrated  nitric  acid  of  sp.  gr.  1-4  dissolves  narcotine,  on 
warming,  with  evolution  of  nitrous  fumes,  and  forms  a  reddish-yelloAV 
solution  ;  on  heating  strongly,  more  nitrous  fumes  are  evolved,  and  the 
liquid  becomes  yellow. 

5.  Concentrated  sulphuric  acid  dissolves  narcotine,  "wdth  a  pale 
greenish-yellow  coloration,  but  this  soon  changes  to  a  pure  yellow.  On 
carefully  heating  it  in  a  porcelain  dish,  the  solution  becomes  orange-red 
at  first,  changing  to  a  bluish  violet  at  the  edge,  or  purplish-blue  stripes 
ai-e  seen  proceeding  from  the  edge,  and  finally,  at  a  temperature  when  the 
sulphuric  acid  begins  to  evaporate,  it  becomes  of  a  dirty  reddish-violet 
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colour;  if  the  heating  is  stopped  before  this,  the  solution  slowly  becomes 
cherry  red  in  the  cold.  If  the  sulphuric  acid  contains  but  very  little 
narcotine,  a  delicate  crimson  colour  is  produced  instead  of  the  blue 
( A .  H  u  s  e  m  a  n  n  ) .  The  red  coloration  passing  into  violet  is  particularly 
well  exhibited  when  narcotine  is  dissolved  in  dilute  sulphuric  acid  (1:  5), 
the  colourless  solution  evaporated  over  a  small  flame,  and  the  residue 
very  cautiously  heated  (DragendorfF). 

6.  If  to  a  solution  of  narcotine  in  strong  sulphuric  acid  prepared 
in  the  cold,  10  to  20  drops  of  sulphuric  acid  containing  a  minute 
quantity  of  nitric  acid  is  added,  the  liquid  is  at  first  brownish,  but 
quickly  becomes  of  a  deeper  and  deeper  red  (Couerbe).  Accord- 
ing to  Dragendorff,  the  dehcacy  of  this  reaction  may  be  increased  by 
allowing  the  solution  of  narcotine  in  sulphuric  acid  to  remain  for  one  or 
two  hours  before  adding  the  nitric  acid.  The  same  reaction  may  be 
obtained  by  dissolving  narcotiae  in  Erdmann's  reagent*  (sulphuric 
acid  containing  nitric  acid).  Hypochlorite  of  soda  changes  the  yellow 
sulphuric  acid  solution  prepared  in  the  cold  first  of  all  crimson,  then 
to  yellowish-red  (A.  Husemann). 

7.  If  a  solution  of  narcotine  in  concentrated  sulphuric  acid  is 
heated  (at  about  150°)  until  the  reddish  coloration  appears,  and,  after 
cooling,  some  ferric  chloride  is  added,  the  portions  of  the  liquid  which 
are  immediately  in  contact  with  the  ferric  chloride  solution  become 
red  with  more  or  less  brUHant  violet  edges  ;  after  ten  to  fifteen  minutes, 
however,  a  tolerably  permanent,  cherry-red   coloration   is  produced 

(A.  Husemannt). 

8.  Frohde's  reagent  (0*005  gram  of  molybdate  of  soda  dissolved  in 
1  c.c.  of  sulphuric  acid)  dissolves  narcotine,  forming  a  green  solution. 
If  the  solution,  however,  contains  0*01  gram  of  molybdate  of  soda 
in  each  1  c.c.  of  sulphuric  acid,  the  green  colour  soon  changes  to  a 
magnificent  cherry-red  (DragendorfF). 

9.  Chlorine  water  added  to  a  solution  of  narcotine  gives  a  yellow 
colour,  slightly  inclining  to  green  ;  on  adding  ammonia,  a  yellowish  red 
and  much  more  intense  colour  is  produced. 

10.  If  narcotine  or  a  salt  of  narcotine  is  dissolved  in  excess  of 
dilute  sulphuric  acid,  some  finely  powdered  binoxide  of  manganese 
added,  and  the  mixture  boiled  for  some  minutes,  the  alkaloid  is  oxidized 
and  converted  into  opianic  acid,  cotarnine  (a  base  soluble  in  water), 
and  cai'bonic  acid.  On  filtering  and  adding  ammonia  to  the  filtrate, 
no  precipitate  will  be  obtained. 

11.  Tannic  acid  does  not  produce  any  precipitate  in  solutions  of 
salts  of  narcotine,  but  it  is  formed  at  once  on  adding  a  drop  of  hydro- 
chloric acid.  This  precipitate  dissolves  on  warming,  but  comes  down 
again  as  the  solution  cools ;  it  is  only  very  slightly  soluble  in  hydro- 
chloric acid. 

12.  Of  the  general  reagents,  the  most  delicate  tests  for  narcotine 
are  potassium  mercuric  iodide,  phosphomolybdic  acid,  and  potassium 
bismuth  iodide  (Dragendorff  J ). 

*  This  is  prepared  in  the  followins  way  :  6  drops  of  nitric  acid  of  r25  sp.  gr. 
are  mixed  with  J  00  c.c.  of  water,  and  10  drops  of  this  sohition  are  added  to  20 
grams  of  pure  concentrated  sulphuric  acid.  f  Zeit.  anal.  Chem.,  3,  1.52. 

X  For  other  reactions  of  narcotine,  see  Palm,  Zeit.  anal.  Chem.,  22,  226,  and 
Mandelin,  ibid.,  23,  238. 
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2.  Quinine,  C^^H.^N^^  [C,„H,,NA]- 
§  235. 

1.  Quinine  occurs  in  cinchona  bark,  along  with  cinchonine  and 
other  bases.  CrystalHzed  quinine,  C^„H_,,N,0,  +  6aq  [C„oH,,N,0.„3H,0], 
forms  either  slender  silky  lustrous  need'les,  which  effloresce  oh  expo- 
sure to  the  ail',  and  are  frequently  aggregated  into  tufts,  or  a  loose 
white  powder.  Anhydrous  quinine  may  also  be  obtained  crystallized 
in  silky  needles.  Quinine  is  sparingly  soluble  in  cold,  but  somewhat 
more  readily  in  hot  water.  It  dissolves  more  or  less  easily  in  alcohol, 
ether,  chloroform,  and  bisulphide  of  carbon.  Its  taste  is  intensely 
bitter;  its  solutions  have  an  alkaline  reaction.  Crystallized  quinine 
melts  at  57°,  but  becomes  solid  again  when  the  water  of  crystallization 
has  been  given  off ;  it  loses  all  its  water  of  crystalHzation  at  100°,  and 
the  anhydrous  base  melts  at  177°. 

2.  Quinine  neutralizes  acids  completely.  The  neutral  salts  are 
intensely  bitter ;  most  of  them  are  crystallizable,  sparingly  soluble  in 
cold,  more  easily  in  hot  water  and  in  spirit.  The  acid  salts  dissolve 
very  freely  in  water;  the  solutions,  which  contain  an  oxygen  acid, 
especially  sulphuric  acid,  have  a  bluish  fluorescence.  If  a  cone  of  light 
is  projected  into  the  solution  by  means  of  a  lens  either  horizontally  or 
vertically,  a  blue  cone  of  light  is  seen  even  in  highly  dilute  solutions 
(A.  Pluckiger).  A  solution  of  sulphate  of  quinine  acidified  with 
sulphuric  acid  turns  the  polarized  ray  strongly  to  the  left  (distinction 
from  cinchonine). 

3.  Potassa,  soda,  ammonia,  and  the  neutral  carbonates  of  the 
alkalies  throw  down  from  solutions  of  salts  of  quinine,  if  they  are  not 
too  dilute,  a  white,  loose,  pulverulent  precipitate  of  liydrated  quinine, 
which  immediately  after  precipitation  appears  opaque  and  amorphous 
under  the  microscope,  but,  after  the  lapse  of  some  time,  assumes  the 
appearance  of  an  aggregate  of  crystalline  needles.  The  precipitate  is 
but  little  soluble  in  excess  of  potassa  (less  than  in  water),  and  still  less 
soluble  in  soda  solution  (F.  Sestini);  more  easily  in  ammonia.  It  is 
only  very  sHghtly  soluble  in  fixed  alkaline  carbonates.  Chloride  of 
ammonium  increases  its  solubility  in  water.  If  a  solution  of  a  quinine 
salt  is  mixed  with  ammonia,  ether  (containing  2  per  cent,  alcohol)  added, 
and  the  mixture  shaken,  the  precipitated  quinine  re-dissolves  in  the 
ether,  and  the  clear  liquid  forms  two  distinct  layers.  (In  this  respect 
quinine  differs  essentially  from  cinchonine,  which  by  this  means  may  be 
readily  detected  in  presence  of  the  former  and  separated  from  it.) 

4.  Bicarbonate  of  soda  also  produces  a  white  precipitate  both  in 
neutral  and  acid  solutions  of  salts  of  quinine.  In  acidified  solutions 
containing  1  part  of  quinine  to  100  parts  of  acid  and  water,  the  pre- 
cipitate forms  immediately.  If  the  proportion  is  1 : 150,  the  precipitate 
separates  after  an  hour  or  two,  in  the  form  of  distinct  needles,  aggre- 
gated into  groups.  If  the  proportion  is  1  :  200,  the  mixture  remains 
clear,  and  it  is  only  after  from  twelve  to  twenty-four  hours  that  a 
.slight  precipitate  makes  its  appearance.  As  the  precipitate  is  not 
altogether  insoluble  in  the  precipitant,  the  separation  is  the  more  com- 
plete the  less  the  excess  of  the  precipitant ;  tlie  precipitate  contains 
carbonic  acid. 
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5.  Concentrated  nitric  acid  dissolves  (juiniuc  to  a  colourless  sohi- 
tion,  tui-ning  yellowish  on  application  of  heat. 

6.  The  addition  of  strong  chlorine  water  (abont  one-fifth  its 
vohune)  to  a  solution  of  a  quinine  salt  does  not  coloui-  the  solution,  or, 
at  all  events,  impaits  to  it  only  a  very  faint  tint ;  but  if  ammonia  is  now 
added  until  it  is  in  excess,  an  intense  emerald-green  colour  is  produced. 
This  characteristic  reaction,  the  thallei'oquinine  reaction,  takes 
jjlace  in  solutions  as  dilute  as  1  :  2500.  According  to  Fliickiger,  1  part 
in  4000  or  5000  may  be  detected  if  to  the  solution  about  one-tenth  of  its 
volume  of  chlorine  water  be  added  without  shaking,  and  then  a  drop 
or  two  of  ammonia ;  on  gently  shaking  the  test-tube  the  colour  will 
appear.*  If,  after  the  addition  of  the  chlorine  water,  some  solution 
of  ferrocyanide  of  potassium  is  added,  and  then  a  few  drops  of 
ammonia  or  some  other  alkaH,  the  liquid  acquires  a  beautiful  deep-red 
tint,  which,  however,  speedily  changes  to  a  dirty  brown.  On  adding 
an  acid  t  to  the  red  liquid,  the  colour  vanishes,  but  reappears  again  on 
the  cautious  addition  of  ammonia.  (0.  Livonius,  A.  Yogel.)  Moi- 
phine  interferes  with  the  thalleioquinine  reaction  (Stuart  J). 

7.  If  quinine  sulphate  is  dissolved  in  a  little  acetic  acid,  alcohol 
added,  and  then  sufficient  alcoholic  solution  of  iodine  to  colour  the 
liquid  brownish-yellow,  iodoqiiinine  sulphate  (Herapathite)  separates 
out  after  a  short  time  as  a  black  crystalline  powder,  or  in  the  form  of 
plates,  which  are  beautifully  dichroic,  and  polarize  light  strongly 
(Herapathll).  This  is  a  very  characteristic  and,  if  the  microscope  be 
employed,  a  very  dehcate  reaction. 

8.  Concentrated  sulphuric  acid  dissolves  pure  quinine  and  pure 
.salts  of  quinme,  forming  a  colourless  or  veiy  famtly  yellowish  solution ; 
if  gently  heated,  the  hquid  turns  yellow,  and  at  higher  temperature 
brown.  Sulphui-ic  acid  containing  nitric  acid  dissolves  quinine  to  a 
colourless  or  very  faintly  yellowish  solution. 

9.  Tannic  acid  produces  a  white  precipitate  in  aqueous  solutions 
of  salts  of  quinme,  even  when  they  are  rather  dilute.  The  precipitate  is 
curdy,  and  agglutinates  on  warming ;  it  is  soluble  in  acetic  acid,  also  in 
a  little  hydrochloric  acid,  but  is  thrown  down  again  on  adding  more 
hydrochloric  acid. 

3.  Cinchonine,  C33H,,N,0„  [C,,H,,N,0]. 
§  236. 

1.  Cinchonine  occui's  in  cinchona  bark  accompanying  quinine  and 
other  bases.  It  forms  either  transparent,  brilliant,  I'hombic  prisms,  or 
fine  white  needles,  or,  if  precipitated  from  concentrated  solutions,  a  loose 
white  powder.  At  first  it  is  tasteless,  but  after  some  time  a  bitter 
taste  of  bark  becomes  perceptible.  It  is  alnfiost  insoluble  in  cold  water, 
and  dissolves  with  extreme  difficulty  in  hot  water;  it  is  but  little  soluble 
in  dilute  .spirit,  somewhat  more  freely  in  absolute  alcohol.  Hot  alcohol 
dissolves  it  more  easily  than  cold,  and  on  cooling  deposits  the  greater 

*  The  reaction  is  even  more  delicate  if  bromine  be  used  instead  of  chlorine  bat 
either  excess  or  deficiency  of  bromine  interferes  with  it  more  than  excess  m- 
dehciency  of  chlorine  (FlUckiger,  Zeit.  anal.  Chem.,  11,  318). 

t  Acetic  acid  answers  the  purpose  best. 

X  Pharm.  Centralhalle,  23,  312. 

II  J'hil.  Mag.,  VI.  171  i  Jour.  pr.  Chem.,  61,  87. 
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portion  of  the  dissolved  cinclionine  in  a  crystalline  state.  Solutions  of 
cinchoiiine  taste  bitter,  and  have  an  alkaline  i-eaction.  Cinchouine  is 
but  little  soluble  in  ether  or  chloroform,  but  chloroform  mixed  with 
one-foui-th  to  one-third  of  its  bulk  of  alcohol  dissolves  it  veiy  readily 
(Oudemans,  Junr.*).    It  is  almost  insoluble  in  light  petroleum. 

2.  Cinchonine  neutralizes  acids  completely.  The  salts  have  the 
bitter  taste  of  cinchona  bark  :  most  of  them  are  ciystallizable,  and  they 
are  genei-ally  more  readily  soluble  in  water,  spirit,  and  chloroform  than 
the  corresponding  quinine  compounds.  Ether  does  not  dissolve  them. 
The  solutions  of  its  salts  do  not  exhibit  fluorescence,  and  they  turn  the 
polarized  ray  to  the  right  (distinction  from  quinine  salts). 

3.  When  cinchonine  is  heated  cautiously,  it  melts  and  then  gives  off 
white  fumes,  which,  Uke  benzoic  acid,  condense  upon  cold  surfaces, 
in  the  form  of  small  brilliant  needles,  or  as  a  loose  sublimate,  a  peculiar 
aromatic  odour  being  exhaled  at  the  same  time.  If  the  operation  is 
conducted  in  a  current  of  hydrogen,  long  brilliant  prisms  are  obtained 
( Hlasiwetz). 

4.  Potassa,  soda,  ammonia,  and  the  neutral  carbonates  of  the 
alkalies  throw  down  a  white  loose  precipitate  of  cinchonine  from 
solutions  of  its  salts  insoluble  in  excess  of  the  precipitants.  If  the 
solution  is  concentrated,  the  precipitate  does  not  exhibit  a  distinctly 
crystalline  appearance,  even  Avhen  magnified  200  times  ;  but  if  the 
solution  is  so  dilute  that  the  pi-ecipitate  is  not  formed  until  after  some 
time,  it  appears  under  the  microscope  as  stellate  groups  of  needles. 

5.  Bicarbonate  of  soda  and  bicarbonate  of  potassa  precipitate 
cinchonine  in  the  same  form  as  in  4,  both  from  neutral  and  acidified 
solutions  of  cinchonine  salts,  but  not  so  completely  as  the  mono- 
carbonates  of  the  alkalies.  Even  in  solutions  containing  1  part  of 
cinchonine  in  200  of  water  and  acid,  the  precipitate  forms  immediately; 
it  increases  in  quantity,  however,  after  a  time. 

6.  Concentrated  sulphuric  acid  dissolves  cinchonine,  formmg  a 
colourless  liquid,  which  on  warming  becomes  brown,  and  finally  black. 
On  adding  nitric  acid  the  solution  is  also  colourless  in  the  cold,  but 
on  warming  it  becomes  yellowish-bi-own,  then  brown,  and  finally  black, 

7.  The  addition  of  chlorine  water  to  a  solution  of  a  salt  of 
cinchonine  causes  no  change  of  colour,  but,  on  adding  ammonia,  a 
yellowish-whitQ  precipitate  is  formed. 

8.  If  a  solution  of  a  cinchonine  salt  containing  little  or  no  free 
acid  is  mixed  with  ferrocyanide  of  potassium,  a  flocculent  precipitate 
of  ferrocyanide  of  cinchonine  is  foi-med.  If  an  excess  of  the  pre- 
cipitant is  added,  and  the  solution  gently  and  slowly  heated,  the  pre- 
cipitate dissolves,  but  separates  again  on  cooling,  in  brilhant  gold- 
yellow  scales,  or  in  long  needles,  often  aggregated  in  the  shape  of  a  fan. 
With  the  aid  of  the  microscope,  this  reaction  is  as  delicate  as  it  is 
charactei'istic  (C.  Dollfus,  Bill,  Seligsohn). 

9.  Tannic  acid  throws  down  from  aqueous  solutions  of  salts  of 
cinchonine  a  white  flocculent  precipitate;  this  is  soluble  in  a  small 
quantity  of  hydrochloric  acid,  but  is  re-precipitated  on  adding  more 
hydrochloric  acid. 

*  Zeit.  anal.  Chem,,  11,  287. 


§§  237,  23S.] 


STEYCHNINE. 


'1.27 


Recapitulation  and  Remarks. 
§  237. 

Narcotine  may  be  sepaiuted  from  quinine  and  cinclionine  by  re- 
peatedly shaking  up  the  acidLfied  solution  with  chloi'oform ;  the  chloro- 
tbiiii  \\-liich  contains  the  nai'cotine  is  then  separated,  and  ammonia  and 
ether  containing  2  per  cent,  of  alcohol  are  added  to  the  acid  aqueous 
solution,  when  the  cinchonine  separates  out  and  the  quinme  dissolves  in 
the  ether.  The  narcotine  is  obtained  by  evaporating  the  chloroform 
solution,  and  the  quinine  in  the  same  way  from  the  ethereal  solution.* 
The  alkaloids  separated  in  this  way  may  then  be  readily  tested  by  the 
i-eactions  given  above. 

Third  Group. 

Xon- volatile  Alkaloids  which  are  precipitated  on  adding  Potassa 
to  Solutions  of  their  Salts,  and  do  not  re-dissolve  to  a  perceptible 
extent  in  Excess  of  the  Precipitant ;  t  but  are  not  thrown 
down  from  (even  somewhat  concentrated)  Acid  Solutions  by  the 
Bicarbonates  of  the  Fixed  Alkalies:  Strychnine,  Brucine, 
Veratrine,  Atropine. 

1.  Strychnine,  0^,,H,,N,,0^  [C,,H,,N,o,]. 
§  238. 

1.  Strychnine  is  found  along  with  brucine  in  various  kinds  of 
strychnos,  especially  in  the  fruit  of  Strychnos  nux  vomica  and  Strychnos 
ignatii.  It  forms  either  white  brilliant  rhombic  prisms,  or,  when 
obtained  by  precipitation  or  rapid  evaporation,  a  white  powder,  It 
has  an  alkaline  reaction  and  is  exceedingly  bitter.  It  is  almost  insoluble 
in  cold  water,  and  but  very  little  more  soluble  in  hot ;  the  aqueous  solu- 
tion even  when  diluted  with  100  times  its  volume  of  water  is  distinctly 
bitter.  It  is  insoluble  in  absolute  alcohol  or  ethei",  and  only  spai'ingly 
soluble  ui  cold  dilute  spirit,  somewhat  more  so  if  hot ;  ordinary  ether 
containing  water  and  spirit  dissolves  it  slightly.  Strychnine  dissolves 
with  the  greatest  ease  in  chloroform  but  only  sparingly  in  amyl  alcohol 
oi'  in  benzene,  and  scarcely  at  all  in  light  peti-oleum.  It  cannot  be 
melted  without  decomposition,  but  by  cautious  heating  small  quantities 
may  be  subHmed  unaltered  (Helwig),  see  foot-note  %,  p.  418.J 

2.  Strychnine  neutralizes  acids  completely.  The  salts  of  strychnine 
ui'e,  for  the  most  part,  crystallizable ;  they  are  also  mostly  soluble  in 

*  If  it  is  necessary  to  separate  the  quinine  from  the  other  bases  present  in  cin- 
chona bark  (quinidine,  cinchonidine,  &c.),  this  method  of  testing  with  ammonia 
and  ether  is  insufficient.  For  methods  for  separating  and  detecting  these  alltaloids, 
see  G.  Keruer,  Zeit.  anal.  Chem.,  1,  150,  and  20,  150;  Mann,  ibid.,  3,  382; 
Schwarzer,  ibid.,  4,  129;  de  Vrij,  ibid.,  4,  202,  and  13,  320;  Van  der  Burg, 
ibid.,  4,  273,  9,  179  and  305  ;  Hager,  ibid.,  8,  477,  and  Pharm.  Centralhalle,  21, 
411;  Hesse,  Zeit.  anal.  Chem.,  11,  328  ;  Godeffroy,  Zeit.  des  oesterr.  Apotheker- 
vereins,  1878,  No.  1  ;  Glenarcl,  Zeit.  anal.  Chern.,  18,  629  ;  C.  H.  Wolff,  Arch. 
Pharm.,  219,  1 ;  Hielbig,  Zeit.  anal.  Chem.,  20,  144;  Molndr,  ibid.,  20,  152: 
Rozsnyay,  ibid.,  23,  589. 

+  Regarding  atropine,  see  §  241,  4. 

X  According  to  Schlit/.enberger  strychnine  is  not  a  homogeneous  compound, 
bnt  a  mixture  of  three  alkaloids.  Compare  Hager,  Pharm.  Centralhalle  1884 
p.  181.  '  ' 
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water  and  spirit,  but  insoluble  in  ether,  chloroform,  aniyl  alcohol,  and 
benzene.  All  the  salts  have  an  intolerably  bitter  taste,  and,  like  the 
pure  alkaloid,  ai'e  poisonous  in  the  highest  degi'ee.  On  adding  a  small 
(quantity  of  acid  to  theii'  concenti-ated  aqueous  solutions,  a  pai-t  of  the 
salt  is  precipitated,  but  this  re-dissolves  on  adding  more  acid  (Hanriot 
and  Blarez). 

3.  Potassa,  soda,  and  carbonate  of  soda  throw  down  white  pre- 
cipitate of  strychnine  from  solutions  of  its  salts;  it  Ls  insoluble  in  an 
excess  of  the  precipitant.  Magnified  100  times,  the  precipitate  appears 
as  an  aggi'egate  of  small  needle-shaped  crystals.  From  dilute  solutions, 
it  separates  only  after  the  lapse  of  some  time,  in  the  form  of  needles, 
distinctly  visible  to  the  naked  eye. 

4.  Ammonia  pi'oduces  the  same  precipitate  as  potassa ;  the  pre- 
cipitate re-dissolves  in  excess  of  ammonia ;  after  a  short  time,  however 
— -or,  if  the  solution  is  highly  dilute,  after  a  longer  time — the  stiychnine 
crystallizes  from  the  ammoniacal  solution  in  the  form  of  needles, 
distinctly  visible  to  the  naked  eye. 

5.  If  bicarbonate  of  soda  is  added  to  a  neutral  solution  of  a  salt 
of  strychnine,  stiychnine  separates  after  a  short  time  in  the  form  of  fine 
needles,  insoluble  in  excess  of  the  pi-ecipitant.  But,  on  adding  a  drop 
of  acid  (so  as  to  leave  the  solution  still  alkaline),  the  precipitate  dis- 
solves readily  in  the  liberated  carbonic  acid.  The  addition  of  bicarbonate 
of  soda  to  an  acid  solution  of  strychnine  produces  no  precipitate,  and 
it  is  only  after  the  lapse  of  twenty-four  hovirs,  or  even  longer,  that 
strychnine  crystallizes  out  in  well-formed  prisms,  as  the  free  carbonic 
acid  gradually  escapes.  If  a  solution  of  a  salt  of  strychnine  supei'- 
saturated  with  bicarbonate  of  soda  is  boiled,  a  precipitate  forms  at 
once  if  the  solution  is  concentrated,  but  if  dilute  the  precipitate  sepa- 
rates only  after  concentration. 

G.  Sulphocyanate  of  potassium  immediately  produces  a  pre- 
cipitate in  a  concentrated  solution  of  a  strychnine  salt,  whilst  ui  dilute 
solutions  a  white  crystalline  precipitate  separates  after  the  lapse  of 
some  time ;  this  appears  under  the  microscope  as  an  aggregate  of  flat 
needles,  truncated  or  pointed  at  an  acute  angle,  and  is  but  httle  soluble 
in  an  excess  of  the  precipitant. 

7.  Mercuric  chloride  throws  down  a  white  precipitate  fi'om 
solutions  of  salts  of  strychnine ;  this  changes  after  some  time  to  stellate 
clustei'S  of  needles,  distinctly  visible  through  a  lens.  On  heating  the 
solution,  these  crystals  re-dissolve,  but  on  cooling  the  double  salt  is 
again  deposited  in  larger  needles. 

<S.  If  a  few  drops  of  pure  concentrated  sulphuric  acid  are  added  to 
a  little  strychnine  in  a  porcelain  dish,  it  dissolves,  without  coloration ; 
if  now  a  small  quantity  of  an  oxidizing  agent  (cliromate  of  potassii, 
permanganate  of  potassa,  ferricyanide  of  potassium,  peroxide  of  lead,  or 
binoxide  of  manganese)  be  added — best  in  the  solid  form,  as  dilution  is 
prejudicial  to  the  reaction — the  liquid  will  become  of  a  magnificent  blue- 
violet  colour,  which,  after  some  time,  changes  to  wine-i'ed,  then  to  reddish- 
yellow.  With  ehromate  of  potassa  and  permanganate  of  potassa 
the  i-eaction  is  immediate ;  on  inclining  the  dish,  blue-violet  streaks  are 
seen  to  flow  from  the  fragment  of  salt,  and  by  moving  the  latter  about, 
the  whole  of  the  liquid  soon  becomes  coloured.  With  ferricyanide  of 
potassium  the  reaction  is  less  rapid,  and  it  is  slowest  with  the  peroxides. 
The  more  speedy  the  manifestation  of  the  reaction,  the  more  rapid  also 
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is  tlie  change  of  colour.  Chroniiite  of  potassa,  as  recommended  by 
Otto,  is  to  be  preferred.  The  reaction  is  pai-ticularly  deHcate  if  traces 
of  strychnine  on  a  watch-glass  are  treated  with  a  dilute  solution  of 
dichromate  of  potassa ;  in  this  way  the  strychnine  is  gradually  converted 
into  the  chromate,  the  hquid  is  poiired  off,  the  strychnine  chromate 
rinsed  with  a  little  water,  the  water  poured  off,  and  the  last  traces 
removed  with  filter-paper ;  concenti-ated  sulphuric  acid  is  then  poured 
on  to  the  chromate  of  strychnine  when  the  blue  or  bluish-violet  streaks 
appear.  Stiychnine  may  also  be  directly  precipitated  from  its  solutions 
as  strychnine  chromate  by  the  addition  of  dichromate  of  potassa  ( R. 
Otto).  The  most  delicate  method  of  testing,  however,  is  to  use  the 
blight  gi-een  solution  of  1  part  of  potassium  permanganate  in  2000 
pai-ts  of  sulphuric  acid,  first  proposed  by  Guy.  Wenzell*  states  that 
by  means  of  this  test  he  has  been  able  to  detect  O'OOOo  mgram.  of 
stiychnine  with  certainty.  As,  however,  othei-  organic  substances  yield 
colours  with  a  solution  of  potassium  permanganate  in  sulphuric  acid, 
which  ai-e  very  similar  to  that  produced  by  stiychnine,  it  is  not  ad- 
visable to  employ  this  reagent  in  testing  a  substance  for  strychnine  if 
other  organic  compounds  are  present.  Under  these  cii-cumstances,  it  is 
better  to  use  dichromate  of  potassa  (Sedgwick^).  Metallic  chlorides  or 
somewhat  large  quantities  of  nitrates,  also  large  quantities  of  organic 
substances,  prevent  the  reaction  or  impair  its  delicacy.  It  is  therefore 
always  advisable  to  free  the  strychnine,  as  far  as  possible,  fi'om  all 
foreign  matters  before  testing  it  in  this  way.  If  the  solution  coloured 
red  (by  binoxide  of  manganese)  is  mixed  with  from  4  to  6  times  its 
volume  of  water,  heating  being  avoided,  and  ammonia  is  then  added 
until  the  reaction  is  nearly  neutral,  the  liquid  acquires  a  magnificent 
violet-purple  tint ;  on  adding  more  ammonia,  it  changes  to  yellowish- 
green  or  yellow  (J.  Erdmann).  The  author  has  found,  however,  that 
this  reaction  is  seen  only  when  relatively  large,  though  still  very  minute, 
quantities  of  strychnine  are  present.  Morphine,  if  present,  interferes 
with  this  reaction.^  In  order  to  remove  the  morphine,  ferricyanide  of 
potassium  (Neubauer)  or  neutral  chromate  of  potassa  (Horsley)  is 
added  to  the  concentrated  aqueous  neutral  solution  of  the  substance ; 
the  morphine  remains  in  solution,  and  the  precipitate,  consisting  of 
ferricyanide  or  chromate  of  strychnine,  is  washed  a  little,  dried,  and  a 
poition  of  it  mixed  in  a  watch-glass  with  strong  sulphuric  acid ;  the 
blue- violet  colour  is  immediately  pi-oduced.  It  should  be  borne  in  mind 
that  the  strychnine  precipitates  are  not  insoluble  in  water,  but  mei"ely 
spaiingly  soluble. ||  For  the  detection  of  strychnine  in  the  presence  of 
brucine  by  means  of  this  reaction,  see  §  242. 

Lastly,  it  should  be  noted  that  curarine  gives  the  same  reaction  as 
strychnine  with  sulphuric  acid  and  chromate  of  potassa.  They  differ, 
however,  in  this,  that  cui-ai-ine  is  coloui-ed  red  by  sulphuric  acid  alone, 
and  it  gives  much  more  permanent  colorations  with  chromate  of  potassa 
than  strychnine  does  (Dragendorff). 

*  Pharm.  Centralhalle,  1871,  p.  234.  +  Zeit.  aual.  Chem.,  20,  421. 

X  Reese,  Zeit.  anal.  Chem.,  1,  .399.  Horsley,  ibid.,  1,  515.  Thomas,  ibid., 
1,  517.  '. 

II  Rodgers  (Zeit.  anal.  Chem.,  5,  406)  recommends  to  separate  strychnine  from 
morphine  by  benzene  or  chloroform,  in  which  the  former  alone  is  soluble.  Thomas 
recommends  to  render  the  solution  of  the  acetates  alkaline  with  potash,  and  to 
shake  with  chloroform  ;  the  morphine  remains  in  the  alkaline  solution,  while  the 
strychnine  dissolves  in  the  chloroform. 
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9.  If  cerosoceric  oxide  is  added  to  a, solution  of  fitrychniue  iu  con- 
centrated sulphuric  acid,  a  magnificent  blue  colour  is  developed,  wliicli 
slowly  changes  to  violet,  and  finally  becomes  red  (Sonnenschein  * 
and  also  Djurberg  f). 

10.  If  a  few  drops  of  a  solution  of  1  part  of  vanadate  of  ammonia 
in  100  to  200  parts  of  concentrated  sulphuric  acid  be  added  to  a  little 
strychnine  on  a  watch-glass,  and  allowed  to  remain  for  a  few  moments 
until  the  mixture  becomes  darker  in  colour,  and  the  watch-glass  then 
slightly  inclined,  a  magnificent  blue  colour  will  be  seen  at  the  moment  the 
vanadium  sulphate  solution  runs  off  the  residue ;  this  colour  soon  turns 
to  violet,  and  lastly  to  vermilion  or  reddish-yellow.  If  potash  or  soda 
solution  is  added  as  soon  as  the  red  colour  appears,  a  permanent  rose, 
or  purplish-red,  solution  is  obtained,  the  colour  becoming  still  more 
brilliant  on  diluting  with  water.  The  blue  colour  is  distinctly  visible 
with  0-001  mgm.  of  strychnine.  This  reaction  is  moreover  distinguislied 
by  the  fact  that  the  presence  of  other  alkaloids  either  does  not  affect  it 
at  all,  or  to  a  much  less  extent  than  is  the  case  with  the  reaction 
described  in  8  (Man  del  in  J). 

11.  Strong  chlorine  water  added  to  a  solution  of  a  strychnine  salt 
produces  a  white  precipitate,  soluble  in  ammonia  to  a  colourless  liquid. 

12.  Strong  nitric  acid  dissolves  strychnine  or  its  salts,  yielding  a 
colourless  solution,  which  turns  yellow  when  heated. 

13.  Tannic  acid  produces  in  solutions  of  strychnine  salts  a  heavy 
white  precipitate,  insoluble  in  hydrochloric  acid. 

14.  The  most  delicate  general  reagents  for  strychnine  are  potas- 
sium mercuric  iodide,  potassium  bismuth  iodide,  iodized  potassium 
iodide,  and  picric  acid. 

2.  Brucine,  C,,H,„Np,  [a3H,„N,oj, 
§  239, 

1.  Brucine  occurs  along  with  strychnine  in  different  kinds  of 
strychnos  (see  p.  427).  Crystallized  brucine,  C^gH^glSrPg  +  8aq 
[C2H2bN.,0,,4H,0],  forms  either  transparent  right  rhombic  prisms,  or 
stellate  clusters  of  needles,  or  a  white  powder  composed  of  minute 
crystalline  scales.  Brucine  is  sparingly  soluble  in  cold,  but  somewhat 
more  readily  in  hot  water.  It  dissolves  freely  in  alcohol,  both  absolute 
and  dilute,  also  in  cold,  but  more  readily  still  m  hot,  amyl  alcohol ;  it 
is  also  easily  soluble  in  chloroform,  far  less  so  in  benzene,  somewhat 
soluble  in  ordinary,  but  almost  insoluble  in  absolute  ether.  Its  taste 
is  intensely  bitter.  When  heated,  it  fuses  with  loss  of  its  water  of 
crystallization ;  by  careful  heating,  it  may  be  sviblimed  unchanged  (see 
foot-note  %,  p.  418).  Brucine  in  alcoholic  solution  turns  the  polarized 
ray  to  the  left. 

2.  Brucine  neutralizes  acids  completely;  its  salts  ai-e  readily  soluble 
in  water,  and  of  an  intensely  bitter  taste  ;  most  of  them  are  crystal- 
lizable.    Both  the  alkaloiil  and  its  salts  are  poisonous. 

3.  Potassa,  soda,  or  carbonate  of  soda  added  to  a  solution  of  a  salt 
of  brucine  throws  down  a  white  precipitate  of  brucine  insoluble  in  excess 
of  the  precipitant.    Viewed  under  the  microscope,  immediately  after 

*  Zeit.  anal.  Chem.,  9,  495.  t  Ihid.,  11,  440.  tlhid.,  23,  240, 

I]  For  other  reactions  of  etr3'^chnine,  see  Godeffroy,  Zeit.  anal.  Oliem.,  16,  244  ; 

Selmi,  ihid.,  18,292;  Fraude,  ihid.,  19,  87;  Jorissen,  ihid.,  19,  3oS;  Palm, 

ihid.,  22,  226 ;  Arnold,  ihid.,  23,  231  and  234. 
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precipittition,  it  appears  to  consist  of  very  minute  grains ;  but  on  closer 
inspection  these  grains  are  seen  to  suddenly  form  into  needles  (water 
being  absoi-bed),  and  these  subsequently  arrange  themselves  without 
exception  into  concenti-ic  groups.  These  successive  changes  of  the  pre- 
cipitate may  be  traced  distinctly  even  with  the  naked  eye. 

4.  Ammonia  produces  a  whitish  precipitate  in  solutions  of  salts  of 
bi'ucine ;  this  tippeai-s  at  lii-st  like  a  number  of  minute  di'ops  of  oil,  but 
gradually  changes  (with  absorption  of  water)  to  small  needles.  Imme- 
diately after  it  has  been  formed,  the  precipitate  will  re-dissolve  very 
readily  in  excess  of  the  pi-ecipitant ;  and  after  a  very  shoii  time — or, 
in  dilute  solutions,  after  a  somewhat  longer  time — the  brucine  crystal- 
lizes from  the  ammoniacal  liquid  in  small  concentrically  grouped  needles, 
containing  water  of  crystallization ;  these  do  not  re-dissolve  on  adding 
more  ammonia. 

5.  Bicarbonate  of  soda  added  to  a  neutral  solution  of  a  salt  of 
brucine  produces,  after  a  short  time,  a  precipitate  of  bi'ucine  contain- 
ing water  of  crystallization ;  this  precipitate  consists  of  concentrically 
grouped  silky  needles,  which  are  insoluble  in  excess  of  the  precipitant, 
but  dissolve  in  free  carbonic  acid  (compare  Strychnine).  Bicarbonate 
of  soda  gives  no  precipitate  in  acid  solutions  of  salts  of  brucine ;  and  it 
is  only  after  the  lapse  of  a  considerable  time,  and  with  the  escape  of 
the  carbonic  acid,  that  the  alkaloid  separates  from  the  solution  in 
regular  and  comparatively  large  crystals. 

G.  Concentrated  nitric  acid  dissolves  brucine  and  its  salts,  yielding 
intensely  red  solutions,  which  subsequently  acquire  a  yellowish-red  tint, 
and  turn  yellow  when  wai-med.  On  adding  stannous  chloride  or 
colourless  sulphide  of  ammonium  to  the  solution  heated  until  it  has 
become  yellow,  no  matter  whether  concentrated  or  diluted  with  water, 
the  pale  yellow  colour  changes  to  a  most  intense  violet ;  from  concen- 
trated solutions  a  violet  precipitate  separates.  If  hydrosulphide  of 
sodium  is  used  instead  of  the  above-mentioned  reducing  agents,  the 
violet  colour  which  is  formed  at  first  changes  to  green  (St.  Cotton*). 

7.  If  a  little  brucine  is  treated  with  from  4  to  G  drops  of  pure 
concentrated  sulphuric  acid,  a  pale  rose-coloured  solution  is  obtained, 
which  afterwards  turns  yellow.  If  it  be  treated  with  a  small  quantity  of 
sulphuric  acid  containing  nitric  acid  (Erdmann's  mixture  of 
acids ■]■),  a  transient-red  colour  is  produced,  which  finally  changes  to 
yellow.    This  reaction  is  very  delicate. 

8.  On  mixing  a  solution  of  a  brucine  salt  with  a  solution  of  mercur- 
ous  nitrate  containing  as  little  free  acid  as  possible,  a  colourless  solution 
is  obtained  ;  on  gently  heating  the  mixture  on  the  water-bath,  however, 
a  beautiful  carmine  colour  gradually  appears,  and  slowly  increases  in 
intensity ;  this  coloration  is  very  stable.  Strychnine  under  the  same 
circumstances  yields  no  colour.  1  part  of  brucine  may  be  readily  recog- 
nized in  the  presence  of  20  parts  of  strychn  ine  in  this  way  (Fliickigert). 

9.  On  treating  brucine  with  a  solution  of  vanadate  of  ammonia 
in  concentrated  sulphuric  acid  (1  :  200),  the  solution  is  coloured 
yellowish-red,  changing  to  a  reddish  orange,  but  soon  becomes  colour- 
less (Mandelin||). 

10.  On  adding  dichromate  of  potassa  to  a  solution  of  a  brucine 

*  Zeit.  anal.  Chem.,  9  111  f  For  its  preparatiou,  see  p.  423,  note  * 

X  Zeit.  anal.  Chem.,  15,  342,  ||  Jbid.,  23,  23C.  '  ' 
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salt,  it  at  first  remains  clear,  but  after  some  time  small  yellowish-red 
crystals  are  deposited ;  these  dissolve  in  concentrated  sulpliuric  acid 
with  a  brownish-red  coloration. 

11.  On  adding  chlorine  water  to  a  solution  of  a  salt  of  brucine, 
it  becomes  bright  red  ;  ammonia  changes  this  to  yellowish -brown. 

12.  Sulphocyanate  of  potassium  added  to  a  solution  of  a  brucine 
salt  produces  a  gi-anular  crystalline  precipitate  immediately  if  it  is 
concentrated,  but  in  more  dilute  solutions  it  does  not  appear  until  after 
some  time ;  under  the  microscope,  this  precipitate  is  seen  to  be  com- 
posed of  variously  aggregated  polyhedral  crystalline  grains.  Eubbing 
the  sides  of  the  vessel  promotes  the  separation  of  the  precipitate. 

13.  Mercuric  chloride  also  produces  a  white  granular  precipitate, 
which,  under  the  microscope,  is  seen  to  be  composed  of  small  roundish 
crystalline  grains. 

14.  Tannic  acid  throws  down  a  heavy  dirty  white  precipitate  from 
solutions  of  salts  of  brucine ;  this  is  soluble  in  acetic  acid,  insoluble  in 
hydrochloric  acid. 

15.  The  most  delicate  tests  for  brucine  among  the  general  reagents 
are  iodized  iodide  of  potassium,  potassium  mercuric  iodide,  phospho- 
molybdic  acid,  and  potassium  bismuth  iodide.* 

3.  Veratrine.t 

§  240. 

1.  Yeratrine  occurs  in  various  species  of  veratrum,  especially  in  the 
seeds  of  Veratrum  sahadilla,  and  in  small  quantity  in  the  rhizomes  of 
F.  album  and  V.  lohelianum.  It  forms  a  white,  loose,  odourless  powder 
of  a  sharp  burning  taste,  but  not  bitter  ;  it  is  exceedingly  poisonous.  It 
has  a  most  irritating  action  on  the  membranes  of  the  nose,  even  the 
most  minute  quantity  of  the  powder  exciting  the  most  violent  sneezing. 
It  is  only  slightly  soluble  in  water,  but  more  readily  when  freshly  pre- 
cipitated than  after  drying.  The  solution  has  a  burning  taste  and  a 
slightly  alkaline  reaction.  The  cold  saturated  solution  becomes  turbid 
when  heated,  but  becomes  clear  again  on  cooling  if  the  heating  has  not 
been  continued  for  any  length  of  time.  Veratrine  is  soliTble  in  2  parts 
of  chloroform  and  in  4  parts  of  alcohol,  and  is  somewhat  less  soluble  in 
ether,  amyl  alcohol,  and  benzene,  and  still  less  so  in  light  petroleum. 
At  115°,  it  melts  like  wax,  and,  on  cooling,  solidifies  to  a  transparent 
yellow  mass.  If  cautiously  heated,  it  may  be  sublimed  unchanged 
(see  foot-note  J,  p.  418). 

*  For  other  reactions  of  brucine  see  Hager,  Zeit.  anal.  Chem.,  11,  201  ; 
Buckingham,  ihid.,  13,  235  ;  Dragendorfl:,  ihid.,  18,  108;  Fraude,  ibid.,  19, 
87  ;  Palm,  ihid.,  22,  226  ;  Arnold,  ibid.,  23,  229  and  232. 

t  Officinal  veratrine,  which  is  usually  understood  by  the  name  veratrine,  is  a 
mixture  of  two  isomeric  alkaloids,  having  the  compositioa  C^iH^gNO,.,  [C32H49NO.,]. 
One  of  these  alkaloids — crystalline  veratrine,  or  cevadine — is  almost  insoluble  iu 
water;  theother — veratridine — i8notcrystallizable,andis  soluble  in  water.  Theycan- 
not,  however,  be  sejiarated  from  one  another  by  this  means,  as  the  presence  of  a  small 
quantity  of  cevadine  renders  the  veratridine  insoluble  in  water,  and  on  the  other 
hand  the  presence  of  a  smaU  admixture  of  veratridine  deprives  cevadine  of  its  pro- 
perty of  crystallizing  (Bosetti).  The  account  of  the  properties  of  veratrine  given 
above  refer  to  the  "officinal  veratrine."  For  the  method  of  sei)arating  the  mixed 
alkaloids,  see  E.  Schmidt  and  E.  Kiippcu  (Anualen,  185,  224}  and  Bosetti 
(Pharm.  Centralhalle,  1885,  p.  117). 
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2.  Yeratrine  neutralizes  acids  comjiletely ;  some  of  its  salts  crystal- 
lize with  difficulty,  but  most  of  them  dry  up  to  a  gummy  mass.  They 
are  in  part  soluble  in  water,  and  have  a  sharj-)  burning  taste. 

3.  Potassa,  soda,  ammonia,  and  the  monocarbonates  of  the 
alkalies  added  to  solutions  of  salts  of  vei'atrine  throw  down  a  white 
tlocculent  precipitate,  which,  immediately  after  precipitation,  does  not 
appear  crystalline  imder  the  mici-oscope.  After  the  lapse  of  a  few 
minutes,  however,  it  alters  its  appearance,  and  small  scattered  clusters 
of  short  prismatic  crystals  may  be  observed  here  and  there,  instead 
of  the  original  coagulated  flakes.  The  precipitate  is  insoluble  in  excess 
of  potassa  or  soda,  or  of  carbonate  of  potassa.  It  dissolves  slightly  in 
cold  ammonia,  but  separates  again  on  heating. 

4.  With  bicarbonate  of  soda  and  bicarbonate  of  potassa,  the 
salts  of  veratrine  behave  like  those  of  strychnine  and  brucine.  Vera- 
trine, however,  separates  readily  on  boihng,  even  from  dilute  solutions. 

5.  When  concentrated  nitric  acid  is  poured  on  veratrine,  the  latter 
agglutinates  in  small  resinous  lumps,  which  afterwards  dissolve  slowly 
in  the  acid.    If  the  veratrine  is  pure,  the  solution  is  colourless. 

6.  If  veratrine  is  treated  with  concentrated  sulphuric  acid,  it  also 
agglutinates  at  first  into  small  resinous  lumps  :  but  these  dissolve  with 
great  readiness,  forming  a  pale  yellow  solution,  which  at  first  has  a 
greenish  yellow  fluorescence  ;  the  solution  gradually  becomes  deeper  in 
colour,  changing  to  a  reddish-yellow,  then  to  an  intense  blood-red,  and 
finally  to  purple-red.  The  colour  lasts  two  or  three  hours,  and  then 
gradually  disappears.  If  the  yellow  solution  is  warmed,  it  at  once 
changes  to  red.  If  a  little  powdered  sugar  be  sprinkled  on  a  thin 
layer  of  the  yellow  solution  of  veratrine  in  concentrated  sulphuric  acid, 
water  is  taken  up  and  a  dark-green  colour  is  produced,  which  gradually 
turns  to  an  intense  blue,  and  then  slowly  disappears  ( Weppen*).  The 
appearance  of  the  green  colour  is  accelerated  by  breathing  on  the  solu- 
tion. This  reaction  also  takes  place  very  readily  if  about  1  part  of 
veratrine  and  6  parts  of  sugar  (Beckurts) — this  proportion  is  the  best 
(R.  Otto) — are  rubbed  up  together,  and  then  mixed  with  not  too  much 
concentrated  sulphuric  acid. 

7.  If  yeratrine  is  dissolved  in  strong  hydrochloric  acid,  a  colour- 
less solution  is  obtained,  which  on  long  boiling  becomes  intensely  red  ; 
the  colour  being  permanent,  the  reaction  is  very  delicate  (Trapp). 

8.  Sulphocyanate  of  potassium  produces  a  flocculent,  gelatinous 
precipitate  in  concentrated  solutions  only  of  salts  of  veratrine. 

9.  If  sufficient  chlorine  water  is  added  to  a  solution  of  a  salt  of 
veratrine,  the  solution  becomes  intensely  yellow;  ammonia  does  not 
perceptibly  alter  the  colour. 

10.  The  most  delicate  tests  for  veratrine  amongst  the  general  re- 
agents are  phosphomolybdic  acid,  iodized  iodide  of  potassa,  potassium 
mercuric  iodide,  and  tannic  acid.f 

*  Zeit.  anal.  Chem.,  13,  4.54. 
oor"^  reactions  of  veratrine,  see  Buckingham,  Zeit.  anal.  Cliera..  13 

235  ;  Godeffroy  t6^d  16  244  ;  Jorissen,  ihid.,  19,  359;  Rossbach  (actioA  on 
infusoria),  xhid.,  21,  482  ;  Arnold,  ibid.,  23,  231  and  234.  ^ 
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§  241. 

4.  Atropine,  CgJ-I^jNO,  [C.^H^^NOj. 

1 .  Atropine  occurs  along  with  hyoscyamine  in  all  parts  of  the  deadly 
nightshade  {Atropa  helladoyina)  and  of  the  thorn-apple  {Datura  stra- 
monium) (Ladenburg,  E.  Schmidt).  It  forms  small  brilliant 
prisms  and  needles ;  when  pure,  it  is  without  odour  and  has  a  nauseous, 
persistently  bitter  taste.  It  melts  at  115°-115-5°  to  a  colourless  liquicl 
which  solidifies  to  a  crystalline  mass  on  cooling ;  at  140°,  it  volatilizes 
Avith  partial  decomposition.  When  heated  between  watch-glasses,  it  vola- 
tilizes without  blackening.  Atropine  is  only  sparingly  soluble  in  cold 
water,  but  somewhat  more  easily  in  boiling  water.  The  solution  has  an 
alkaline  reaction,  and  on  boiling  it  some  of  the  atropine  volatilizes  with 
the  steam.  It  is  very  soluble  in  alcohol ;  the  solution  is  optically  active 
(Poehl).  It  is  very  soluble  in  chloroform  and  in  am»yl  alcohol,  moi'C 
sparingly  in  ether  and  benzene,  and  almost  insoluble  in  light  petroleum. 

2.  Atropine  combines  with  acids,  forming  salts,  some  of  which,  par- 
ticularly the  acid  salts,  do  not  crystallize,  or  only  with  difficulty.  The 
salts  dissolve  easily  in  water  and  alcohol,  scarcely  at  all  in  ether, 
benzene,  or  amyl  alcohol.  The  aqueous  solutions  of  the  salts  acquire  a 
dark  colour  by  long  heating. 

3.  Atropine  and  its  salts  are  active  narcotic  poisons ;  applied  to  the 
eye,  they  dilate  the  pupil  for  a  considerable  time.  Hyoscyamine  has 
the  same  action;  but  the  dilatation  in  this  case  is  rather  slower  in 
making  its  appearance,  and  more  lasting. 

4.  Potassa,  soda,  and  monocarbonates  of  the  fixed  alkalies 
added  to  concentrated  aqueous  solutions  of  salts  of  atropine  throw  down 
a  portion  of  the  alkaloid.  The  precipitate,  which  is  at  first  pulverulent, 
does  not  dissolve  in  excess  of  the  precipitant  more  readily  than  in  water ; 
by  long  standing  it  becomes  crystalline.  Ammonia  likewise  produces  a 
precipitate,  soluble  in  excess.  Atropine  is  decomposed  in  contact  witli 
fixed  alkalies  or  with  baryta  water,  forming  atropic  acid  and  tropine  : 
this  action  takes  place  slowly  in  the  cold,  rapidly  on  heating. 

5.  Carbonate  of  ammonia  and  biearbonates  of  the  alkalies 
do  not  precipitate  solutions  of  salts  of  atropine. 

6.  Chloride  of  gold  added  to  aqueous  solutions  of  salts  of  atropine 
throws  down  a  compound  of  hydrochloride  of  atropine  with  chloride  of 
gold  as  a  yellow  precipitate  which  gradually  becomes  crystalline ;  it 
forms  small  lustreless  plates  which  melt  at  135°-137°  (Ladenburg). 

7.  Tannic  acid  added  to  an  aqueous  solution  of  a  salt  of  atropine 
throws  down  a  white  curdy  precipitate,  soluble  in  ammonia  and  in 
hydrochloric  acid. 

8.  If  atropine  is  warmed  with  concentrated  sulphuric  acid  until 
the  solution  is  slightly  brown,  and  a  few  drops  of  water  are  then  added 
to  it,  it  evolves  an  agreeable  odour,  recalling  tliat  of  the  sloe  blossom.  If 
a  fragment  of  dichromafce  of  potassa  is  added  to  the  hot  solution,  the 
odour  developed  recalls  that  of  the  flowers  of  Spirea  tdniaria,  and  on 
continued  heating  resembles  that  of  essence  of  bitter  almonds  (Gugli- 
elmo,  Pfeiff'er). 

This  odour  of  flowers  so  characteristic  of  atropine  is  also  produced 
when  some  crystals  of  chromic  acid  are  gently  warmed  with  ntropine 
until  the  chromic  acid  turns  green  from  incipient  reduction  ( B  r  u  n  n  o  r ). 
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9.  If  atropine  or  an  atropine  salt  is  treated  with  a  little  fuming 
"iiitric  acid,  evaporated  to  dryness  on  the  water-bath,  and,  after  cooling, 
a  fcAV  drops  of  an  alcoholic  solution  of  potash  are  added  to  the  residue, 
a  violet  coloration  appears,  which  soon  passes  into  red ;  this  is  character- 
istic of  atropine  (Vitali). 

10.  If  atropine  is  mixed  with  concentrated  svilphuric  acid  on  a 
Avhite  porcelain  tile,  and  a  crystal  of  nitrite  of  potassa  stirred  into 
the  mixture,  it  becomes  deep  yellow  or  orange-coloured.  If  now  a  few 
(.h'ops  of  an  alcoholic  solution  of  potassa  are  added,  the  mixture  turns  a 
magnificent  reddish-violet,  which  quickly  changes  to  a  pale  rose  colour 
(Arnold). 

1 1.  Picric  acid,  does  not  behave  in  the  same  way  with  all  samples  of 
commercial  ati-opine.  A  solution  of  English  atropine  sulphate  becomes 
turbid  from  the  formation  of  small  amorphous  drops.  On  warming  the 
-solution  until  it  becomes  clear,  and  then  allowing  it  to  cool,  beautiful 
i-ectangular  crystalline  plates  separate.  German  atropine  sulphate, 
however,  on  the  addition  of  picric  acid,  yields  an  immediate  crystalline 
precipitate,  and  only  very  rarely  an  amorphous  turbidity.  The  crystals 
are  also  small  rectangular  plates  (Hager*). 

\2.  Phosphomolj'-bdic  acid  and  iodized  potassium  iodide  are  the  most 
dehcate  of  the  general  reagents  for  the  detection  of  atropine.f 


§  242. 

Recapitulation  and  Remarks. 

Strychnine  maybe  separated  from  brucine,  veratrine,  and  atropine  by 
means  of  cold  absolute  alcohol,  since  it  is  insoluble  in  this  solvent,  whilst 
the  other  alkaloids  dissolve  readily  in  it.  Brucine  may  be  separated 
from  strychnine  by  means  of  chromate  of  potassa;  for  this  purpose, 
(thromate  of  potassa  is  added  to  a  very  concentrated  solution  of  the 
4ilkaloids  in  weak  acetic  acid ;  almost  the  whole  of  the  strychnine  then 
separates  as  chromate,  whilst  the  brucine  remains  in  solution  ( E.  Otto ). 
Strychnine  is  most  conveniently  identified  by  the  reaction  with  sulphuric- 
acid  and  the  above-mentioned  oxidizing  agents ;+  also  by  its  crystalline 
form  when  thrown  down  by  alkalies  (viewed  under  the  microscope)  • 
and  lastly,  by  the  form  of  the  precipitates  produced  by  sulphocyanate 
of  potassmm  and  by  mercuric  chloride.  Brucine  and  veratrine  may  be 
.separated  from  atropine  by  making  the  solution  alkaline  and  shakinc^ 

*  From  this  reaction,  and  also  from  the  behaviour  of  different  samples  of 
atropme  sulphate  with  a  solution  of  iodized  potassium  iodide,  Hager  considers 
that  the  officinal  atropine  consists  of  two  different  alkaloids  (Hater's  com 
mentary  on  the  German  Pharmacopoeia,  1,  422).    According  to  Pohl/'^picric  acid 
Jias  no  action  on  pure  atropine  salts  (Zeit.  anal.  Chem.,  18,  629). 

t  For  other  atropine  reactions,  wu?e  Godeffroy,  Zeit.'  anal.'  Chem  16  044.. 
liossbach  Action  on  Infusoria,  iUd.,  21,  482;  Vitali,  ibid.,  21,  .^81;  Palm' 
loiu.,  tiiij  2.2n.  ' 

t  The  only  substance  besides  curarine  (see  above)  which  shows  somewhif 
analogous  reactions  in  this  respect  is  aniline.    A.  Guy  has,  however  called 
attention  to  the  fact  that  aniline,  treated  with  sulphuric  acid  and  oxidizinL''apent7 
acquires  a  pale  green  tint  at  tirst,  which  gradually  deepens,  and  only  then  chan" 
to  a  magnihcent  blue  which  remains  for  some  time,  but  finally  turns  bS 
Brucme  does  not  interfere  with  the  colour  reaction  which  strychnine  gives  wifi; 
concentrated  sulphuric  acid  and  chromate  of  potassa,  if  some  nitric  acid Ts  first 
added  to  the  solution  of  the  alkaloids  in  sulphuric  acid  and  the  colon  vin.?- 
produced  by  brucine  allowed  to  fade  away  be/ore  adding  the  Sictoi  of  pXta! 
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with  lignt  petroleum  (Dragendorff) ;  this  takes  up  the  brucine  and 
veratrine,  but  not  the  atropine.  By  sepai-ating  the  aqueous  H(juid  from 
the  hght  petroleum  and  shaking  it  with  ether,  the  atropine  may  Ik; 
obtained  in  ethereal  solution.  Brucine  and  veratrine  are  not  readily 
separated  from  one  another,  but  may  be  detected  in  presence  of  each 
other ;  for  this  purpose,  the  best  tests  for  brucine  are  the  reactions 
with  nitric  acid  and  stannous  chloride  or  sulphide  of  ammonium,  or  it 
may  be  recognized  by  the  crystalline  form  of  the  precipitate  thrown 
down  by  ammonia  from  solutions  of  salts  of  brucine.  Veratrine  is 
distinguished  from  brucine  and  the  other  alkaloids  treated  of,  by  its 
characteristeric  behaviour  when  gently  heated,  and  also  by  the  crystalline 
form  of  the  precipitate  produced  by  alkalies  in  solutions  of  its  salts. 
To  distinguish  veratrine  in  presence  of  brucine,  the  reaction  with 
concentrated  sulphviric  acid  or  with  hydrochloric  acid  should  be  selected. 

C.   PEOPEETIES  AND  EEACTIONS  OF  CERTAIN  NON-NITROGENOUS 
COMPOUNDS  ALLIED  TO  THE  ALKALOIDS. 

These  compounds,  Salicin,  Digitalin,  and  Picrotoxin,  will 
be  considered  here,  although  they  are  not  alkaloids. 

§  243. 

1.  Salicin,  G,,-H^p^^  [C,3H,,o,]. 

1.  Salicin  exists  in  the  bark  and  leaves  of  most  kinds  of  willow  and 
some  kinds  of  poplar.  It  forms  either  white  crystalline  needles  and 
scales  of  silky  lustre,  or,  where  the  crystals  are  very  small,  as  a  silky 
powder.  It  has  a  bitter  taste,  is  somewhat  sparingly  soluble  in  water 
and  cold  alcohol,  but  more  easily  when  boiling ;  it  is  insoluble  in  ether, 
but  soluble  in  potassa  and  in  glacial  acetic  acid.  It  melts  at  198°,  and 
is  decomposed  at  a  higher  temperature. 

2.  Salicin  is  not  thrown  down  by  any  reagent,  with  the  exception  of 
acetate  of  lead,  in  such  a  state  of  combination  that  the  salicin  can  be 
recovered  from  the  precipitate ;  acetate  of  lead,  however,  with  a  hot 
concentrated  aqueous  solution  of  salicin,  yields  a  precipitate  w^liich  is 
a  compound  of  salicin  with  lead  oxide. 

3.  If  salicin  is  treated  with  concentrated  sulphiiric  acid,  it  aggluti- 
nates into  a  resinous  lump,  and  acquires  an  intense  blood-red  colour, 
the  sulphuric  acid  remaining  unaltered  at  first.  Solution,  however, 
slowly  takes  place,  and  the  acid  gradually  becomes  red  in  proportion  as 
the  substance  dissolves. 

4.  If  hydrochloric  acid  or  dilute  sulphuric  acid  is  added  to  an 
aqueous  solution  of  salicin  and  the  mixture  boiled  for  a  short  time, 
it  suddenly  becomes  turbid,  sugar  is  formed,  and  a  white  flocculent 
agglutinating  precipitate  (saliretin)  is  deposited.  If  1  or  2  drops  of  a 
solution  of  chromate  of  potassa  be  added  to  the  liquid  containing  the 
precipitate,  and  the  whole  boiled,  the  saliretin  will  acquire  a  bright 
rose  colour,  the  characteristic  odour  of  salicylic  aldehyde  being  emitted 
at  the  same  time.  If  the  solution  is  distilled  with  dilute  sulphuric  acid 
and  dichromate  of  potassa  in  a  small  retort,  the  receiver  of  which 
contains  a  little  water,  the  salicylic  aldehyde  in  the  distillate  may  be 
readily  detected  by  the  addition  of  a  drop  of  neutral  ferric  chloride ;  this 
produces  an  intense  violet  coloration  (Parrot). 
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5.  Ferric  chloride  colours  solutions  of  saliciu  a  pale  brown,  but, 
on  boiling,  the  solution  becomes  colourless,  whilst  a  dull  yellow  precipi- 
tate is  formed. 

6.  On  heating  a  solution  of  salicin  with  nitrate  of  silver  solution 
to  which  excess  of  ammonia  and  either  potassji  or  soda  has  been  added^ 
the  silver  is  reduced,  and  a  brilliant  mirror  of  metallic  silver  is  formed. 
Other  glucosides.mannitol,  cane  sugar,  and  grape  sugar,  yield  the  same 
reaction  (E.  Salkowski). 

7.  On  moistening  a  little  salicin  with  a  few  drops  of  a  solution  of 
pure  chloride  of  zinc  in  dilute  hydrochloric  acid  (O'l  gram  of  fused 
zinc  chloride,  3  c.c.  of  fuming  hydrochloric  acid,  and  3  c.c.  of  water), 
and  evaporating  to  dryness  on  the  water-bath,  an  intensely  violet-red 
residue  is  obtained  (A.  Jorissen). 

8.  Salicin  does  not  neutralize  acids,  nor  does  it  combine  with  them. 

§  244. 
2.  Digit alin. 

1.  The  preparations  met  with  in  commerce  under  the  name  of 
digitalin  difier  greatly  in  their  properties.  They  consist  of  mixtures  of 
the  active  principles  of  Digitalis  purpurea  with  their  decomposition  pro- 
ducts. Schmeideberg  states  that  the  following  occur  : — Digitoxin 
(very  poisonous),  digitalin  and  digitalein  (both  poisonous),  and 
digitonin,  which  has  a  feeble  action.*  Other  investigators,  however, 
have  arrived  at  quite  different  results;  so  that  the  investigation  of 
the  active  principles  of  the  digitalis  cannot  yet  be  regarded  as  complete. 
The  constituents  of  commercial  digitalin  vary  greatly  in  different 
specimens ;  they  contain  no  nitrogen,  but  belong  to  the  glucosides  or 
bitter  principles. 

2.  For  practical  purposes,  two  varieties  of  commercial  digitalin  have 
to  be  considered,  namely,  the  German,  which  is  soluble  in  water,  and 
the  French,  which  dissolves  but  sparingly;  both,  however,  have  the 
same  physiological  action.  German  digitalin  is,  according  to  most 
accounts,  an  amorphous  powder,  although  R.  Otto  states  that  it  is 
crystalline  when  seen  under  the  microscope ;  it  dissolves  in  cold  water, 
forming  a  neutral,  turbid,  bitter  solution,  which  froths  strongly  wdien 
shaken.  Ethyl  and  amyl  alcohol  dissolve  it  completely,  but  it  is  only 
jiartially  soluble  in  ether,  benzene,  or  chloroform,  and  not  at  all  in  light 
petroleum.  French  (Nativelle's)  digitalin  occurs  in  the  form  of 
loose  tufts  of  slender  needles,  and  has  a  neutral  reaction.  It  is  oiAy 
very  sparingly  soluble  in  water,  and  its  bitter  taste  does  not  become 
apparent  until  after  some  time ;  it  is  insoluble  in  ether  and  benzene, 
but  dissolves  readily  in  chloroform  and  in  alcohol.  Homolle's  French 
digitalin  exhibits  somewhat  different  properties.  It  forms  white  or 
yellowish-white  gi-anules  or  scales,  is  but  sparingly  soluble  in  water,  has 
a  neutral  reaction,  and  very  bitter  taste ;  it  dissolves  readily  in  90  per 
f;ent.  alcohol,  but  is  only  very  sparingly  soluble  in  ethei\  All  digitalins 
may  be  dissolved  by  saturating  them  with  glacial  acetic  acid  and  then 
adding  water  (Dragendortff). 

*  N.  Rep.  Pharm.,  24,  80;  Chcm.  Ccntralbl.,  1875,  2G2,  wliich  may  be  con- 
sulted for  the  details  of  the  properties  of  the  separate  constituents. 

t  See  his  "  Gcrichllich-clicm.  Ermiltelung  von  Giftcn,"  second  edition  ^St 
Petersburg  :  Schmitzclorff,  1876),  p.  274. 
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3.  If  a  solution  of  commercial  digitalin  prepared  with  glacial  acetic 
acid  is  shaken  up  with  chloroform  at  35^  the  whole,  or  at  least  the 
greater  part,  of  the  active  principles  are  extracted  by  the  chloroform, 
and  may  be  separated  by  washing  the  chloi'ofoi-m  with  water,  filtering,* 
and  evaporating  to  dryness  at  30°. 

4.  On  treating  commercial  digitalin,  or  the  residue  obtained  from 
the  evaporation  of  the  chloroform  in  3,  with  concentrated  sulphuric 
acid  or  with  the  di-  or  tri-hydrate  of  sulphuric  acid — the  latter  being 
preferable  if  foreign  organic  substances  are  present — ( Dragendorff), 
and  then  adding,  by  means  of  a  glass  rod,  1  or  2  drops  of  a  solution 
of  bromine  and  stirring,  a  characteristic  t  purple  colour,  more  or  less 
pure,  is  produced.^  Instead  of  the  bromine  solution,  Dragendorff 
recommends  a  solution  of  1  part  of  potassa  dissolved  in  5  parts  of  water 
to  which  bromine  has  been  added  until  a  permanent  yellow  colour  is 
produced. 

This  reaction,  which  was  first  mentioned  by  Grandeau,  and  sub- 
sequently confirmed  by  J.  Otto  (who  employed  bromine  water), 
Dragendorff,  and  others,  is  very  delicate,  and,  according  to  Dragen  - 
dorff,  takes  place  very  distinctly  with  0'0002  gram  of  commercial 
digitalin. 

5.  Besides  the  reaction  described  in  4,  the  2^hysiological  action  of  the 
residue  from  the  evaporation  of  the  chloroform  solution  in  3  mtist  be 
ascertained  (DragendorfF||). 

§  245. 

3.  Picrotoxin,  C3„H,„0,,  [C.^H^o,-^]. 

1.  Picrotoxin,  the  poisonous  principle  of  cocculus  indicus,  the 
fruit  of  Menispermum  cocculus,  forms  white  brilliant  four-sided  prisms 
or  needles.  It  is  without  odour,  veiy  bitter,  a  narcotic  poison,  melts 
at  199°-200°,  and  gives  off  empp-eumatic  vapours. 

2.  Picrotoxin  is  neutral.  It  is  only  sparingly  soluble  in  cold,  more 
easily  in  boiling  water,  and  crystallizes  from  the  solution  in  needles 
on  cooling  or  evaporation.  Hot  alcohol  dissolves  it  very  readily :  the 
concentrated  solution,  when  cold,  solidifies  to  a  silky  mass;  more  dilute 
solutions  give  silky  needles  on  evaporation.  Picrotoxin  is  only  sparingly 
soluble  in  ether,  but  dissolves  easily  in  chloroform,  amyl  alcohol,  and 
glacial  acetic  acid.  It  may  be  removed  from  its  acidified  solution  by 
shaking  it  up  with  ether,  chloroform,  or  amyl  alcohol  (but  not  with 
benzene  or  light  petroleum).    Mere  ti-aces,  however,  are  taken  up  by 

*  If  the  chloroform  solution  appears  mitcilaginous,  a  few  drops  of  ahsolute 
alcohol  should  be  added  before  filtering. 

t  Delphinin  exhibits  a  similar  reaction.  On  shaking  up  an  acid  solution  of 
delphinin,  however,  with  chloroform,  only  a  mere  trace  passes  into  the  chloroforin. 

X  Flilckiger  has,  however,  observed  that  Nativelle's  crystallized  digitalin 
behaves  in  a  different  manner  (Pharm.  Centralhalle,  1S73,  275). 

II  Dragendorff 's  "  Beitrdge  zur  gerichtlichen  Chemie  einzelner  organischcr 
Gifte"  (St.  Petersburg:  H.  Schmitzdorff),  1872,  p.  34. 

H  V.  Barth  and  Kretschy  (Zeit.  anal.  Chem.,  19,  360,  and  21,  5S2)  have  isolated 
from  commercial  picrotoxin  two  other  compounds— picvoiim  and  aiiamirtin.  Both 
the  correctness  of  the  formula  given  above  and  also  the  presence  of  the  two  last- 
named  compounds  in  commercial  picrotoxin  have  been  contested  by  Paterno,  and 
Oglialoro,  and  also  by  E.  Schmidt  and  Lowenhardt  (ibid.,  21,  581). 
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ether,  chloroform,  or  amyl  alcohol  from  the  alkaline  solutions.  The 
ethereal  solution  when  evaporated  leaves  the  picrotoxin  in  the  form  of 
a.  powder  or  crystalline  scales. 

3.  Acids  do  not  neutralize  picrotoxin,  and,  with  the  exception  of 
acetic  acid,  do  not  increase  its  solubility  in  water. 

4.  Ammonia,  potassa,  and  soda  dissolve  picrotoxin  freely ;  acids, 
even  carbonic  acid,  precipitate  it  again  from  the  concentrated  solution. 
Picrotoxin  therefore  possesses  the  character  of  an  acid  rather  than  of  u. 
l)ase.  On  heating  the  solutions  of  picrotoxin  in  potassa  or  soda  they 
become  yellow  or  yellowish-red. 

5.  When  picrotoxin  is  treated  with  concentrated  sulphxiric  acid,  it 
ilissolves,  forming  a  saffron-yellow  solution,  and  on  adding  a  trace  of 
(Uchromate  of  potassa,  the  colour  becomes  violet-red,  and  ultimately 
changes  to  apple-green  (Kohler). 

6.  If  dry  commercial  picrotoxin  is  rubbed  up  with  three  times  the 
(juantity  of  nitrate  of  potassa,  moistened  with  sulphuric  acid,  and 
excess  of  strong  aqueous  soda  added,  the  mixture  becomes  brick- 
i-ed ;  the  colour  gi-adually  disappears  (Langley).  Dragendorff  has 
modified  this  reaction  by  moistening  the  picrotoxin  with  a  little 
concentrated  nitric  acid,  warming  on  the  water-bath  until  the  residue 
is  dry,  then  moistening  with  the  smallest  possible  amount  of  sulphuric 
acid,  and  finally  adding  excess  of  a  strong  aqueous  solution  of  soda. 
In  this  way,  a  pale  red  colour  is  obtained  even  with  0*1  mgrm.  of  sub- 
stance. 

It  is  uncertain  whether  pure  picrotoxin  as  prepared  by  Barth  and 
Kretschy  exhibits  this  reaction.  A  specimen  prepared  by  Langley 
did  not  jield  it. 

7.  If  a  solution  of  picrotoxin  containing  potassa  or  soda  is  mixed 
with  a  solution  of  tartrate  of  copper  and  potassa  (Fehling's  solu- 
tion) and  warmed  gently,  cuprous  oxide  separates. 

8.  Iodized  iodide  of  potassium,  picric  acid,  tannic  acid, 
gold  chloride,  and  platinum  chloride  do  not  give  a  precipitate  with 
solutions  of  picrotoxin ;  lead  acetate,  however,  precipitates  its  ammonia- 
cal  solution  (Palm*). 

D.  SYSTEMATIC  COUKSE  FOR   THE   DETECTION   OF  THE  ALKALOIDS 
AND  ALSO  OF  SALICIN,  DIGIT ALIN,  AND  PICEOTOXIN. 

In  the  methods  to  be  described  under  a  and  h,  it  is  presupposed  that 
the  non-volatile  alkaloids,  &c.,  are,  in  concentrated  aqueous  solution, 
dissolved  by  means  of  an  acid,  and  free  from  any  substances  which 
would  obscure  or  modify  the  reactions.  When  the  method  to  be 
employed  under  these  circumstances  has  been  considered,  other  methods 
will  be  described  under  c  which  are  convenient  if  colouring  or  ex- 
tractive matters  are  present,  and  .  in  which  the  detection  of  volatile 
alkaloids  will  be  included. 


*  For  the  detection  of  picrotoxin  by  means  of  physiological  experiments,  see 
Dragendorff,  p.  49  of  "  Beitrdgtzur  gerichtl.  Chem."  (St.  Petersburg  :  Wienecke, 
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a.  Detection  of  the  J^on-volatile  Alkaloids,  &c.,  in  an  Aqueous 
Solution  containing  only  one  of  these  Substances. 

§  246. 

1.  A  drop  of  dilute  sulphuric  acid  is  added  to  a  portion  of  the 
solution,  and  then  some  solution  of  iodine  in  iodide  of  potassium  or  of 
phosphomolybdic  acid. 

a.  No  precipitate  is  formed:  absence  of  all  alkaloids; 
possible  presence  of  salicin,  digitalin,  picrotoxin.    Pass  on  to  5. 

h.  A  precipitate  is  formed.    There  is  cause  to  suspect  the 
presence  of  an  alkaloid.    Pass  on  to  2. 

2.  To  a  portion  of  the  aqueous  solution,  dilute  potassa  or  soda  is 
added  drop  by  drop,  until  the  liquid  acquires  a  scarcely  perceptible 
alkaline  reaction ;  it  is  then  stirred,  and  allowed  to  remain  for  some 
time. 

a.  No  precipitate  is  formed:  this  is  a  proof,  if  the  solu- 
tionis concentrated,  of  the  absence  of  all  alkaloids  ;  if  the  solution 
IS  dilute,  however,  there  is  a  possibility  that  atropine  maybe 
present.  In  this  case,  other  portions  of  the  solution  are  tested  for 
atropine  with  chloride  of  gold,  by  heating  with  sulphuric  acid, 
by  treatment  with  fuming  nitric  acid,  &c.,  as  described  in  §  241 
6,  8,  and  9. 

h.  A  precipitate  is  formed.  Potassa  or  soda  is  added  drop 
by  drop  until  the  solution  is  strongly  alkaline,  and,  if  it  does  not 
become  clear,  some  water  is  also  added. 

a.  The  j)^'eci2ntate  disappears :  morphine  or  atropine.  Test  a 
fresh  portion  of  the  solution  with  iodic  acid  (§  233,  12). 

aa.  There  is  separa  tion  of  iodine  :  morphine.    Confirm  1  )y 
§  233,  7,  8,  and  9. 

hh.  There  is  no  separatio7i  of  iodine  :  atropine.  Confirm 
as  in  a. 

(i.  The  precipitate  does  not  disappear :  presence  of  an  alkaloid 
of  the  second  or  thii'd  group  (atropine  excepted).  Pass  on 
to  3. 

3.  To  another  portion  of  the  original  solution,  2  or  3  drops  of 
dilute  sulphuric  acid  is  added,  and  then  a  saturated  solution  of  bicar- 
bonate of  soda,  until  the  acid  reaction  just  vanishes ;  the  mixture  is 
then  stirred  actively  with  a  glass  rod,  rubbing  the  sides  of  the  vessel, 
and  allowed  to  remain  half  an  hour. 

a.  No  precipitate  is  formed:  absence  of  narcotine  and 
cinchonine.    Pass  on  to  4. 

b.  A  precipitate  is  formed:  narcotine,  cinchonine, perhaps 
.also  quinine  (since  its  precipitation  by  bicarbonate  of  soda  is  entirely 
dependent  on  the  amount  of  water  present).  Ammonia  in  excess 
is  added  to  a  portion  of  the  original  solution,  then  a  sufficient 
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quantity  of  ether  containing  2  per  cent,  alcohol,  and  the  whole  is 
shaken. 

a.  The,  precipitate  re-dissolves  in  the  ether,  the  clear  liquid  sepa- 
rating into  tivo  distinct  la/i/ers  :  narcotine  or  quinine.  To  dis- 
tinguish between  them,  a  fresh  portion  of  the  original  solution 
is  tested  with  chlorine  water  and  ammonia.  If  the  solution 
timis  green,  quinine  is  present ;  if  yellowish- red,  narcotine. 
As  a  confirmatory  test  for  nai'cotine,  employ  the  reaction  with 
sulphuric  acid  containing  nitric  acid  (§  234,  6). 

iS.  The  precipitate  does  not  re-dissolve  in  the  ether :  cinchonine. 
Confirm  by  its  behaviour  on  heating  (§  236,  3)  or  with  ferro- 
cyanide  of  potassium  (§  236,  8). 

4.  A  portion  of  the  original  substance,  or  of  the  residue  obtained  by 
evaporating  the  original  solution  to  di-yness,  is  jDut  into  a  watch-glass, 
and  concentrated  sulphuric  acid  added. 

a.  A  rose-coloured  solution  is  obtained,  which  becomes  intensely 
red  on  addition  of  nitric  acid:  brucine.  Confirm  by  nitric  acid 
and  stannous  chloride  (§  239,  6). 

h.  A  yelloio  solution  is  obtained,  which  gradually  turns  yellowish- 
red,  blood-red,  and  crimson:  veratrine. 

c.  A  yelloio  sohction  is  obtained,  which  remains  colourless  even 
on  standing.  A  fra.gment  of  chromate  of  potassa  is  added:  a 
deep  blue  coloration  indicates  strychnine;  no  change  indicates 
quinine.    Confirm  by  chlorine  water  and  ammonia. 

5.  To  determine  whether  the  solution  contains  salicin,  digitalin,  or 
picrotoxin,  a  portion  of  the  original  dry  substance,  or  the  residue 
obtained  on  evaporating  the  solution,  is  treated  with  concentrated 
sulphuric  acid. 

a.  The  substance  becomes  at  once  blood-red,  and  then  slowly 
dissolves,  forming  a  red  solution :  salicin.  Confirm  by  heating 
a  small  portion  of  the  solution  with  dilute  sulphuric  or  hydro- 
chloric acid  (§  243,  4). 

b.  The  substance  dissolves  with  a  saffron-yellow  colour,  and,  on 
adding  a  tr'ace  of  dichromate  of  potassa,  a  violet-red  coloi-ation  is 
produced ,  finally  changing  to  apple-green  :  picrotoxin.  Confirm 
by  nitric  acid  and  soda  (§  245,  6). 

c.  The  substance  dissolves  to  a  reddish-brown  solution,  which, 
on  the  addition  of  a  drop  of  bromine  water,  changes  to  a  more  or 
less  pure  purple  (§  244,  4):  digitalin. 

b.  Detection  of  the  Non- volatile  Alkaloids,  &c.,  in  Aqueous  Solu- 
tions which  may  contain  several  or  all  of  these  Substances. 

§  247. 

1.  The  solution  is  acidified  with  hydrochloric  acid,  shaken  with 
pure  ether  free  from  alcohol,  and  the  ethereal  layer  allowed  to  evaporate 
in  a  glass  dish.  ^ 
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a.  There  is  no  residue:  absence  of  digitalin  (German*) 
and  picrotoxin.    Pass  on  to  2, 

h.  There  is  a  res  id  lie:  digitalin  and  picrotoxin  may  be 
suspected,  and  it  must  also  be  I'emembered  that  other  substances 
may  pass  into  ethereal  solution  under  these  circumstances,  such 
as  oxalic  acid,  tartaric  acid,  lactic  acid  (J.  Otto).  The  aqueous 
residue  is  again  shaken  up  with  fresh  ethei-,  in  order  to  remove 
whatever  is  soluble  in  ether  as  completely  as  possible,  and  the 
ethereal  layer  allowed  to  evaporate.  The  exhausted  aqueous 
residue  is  examined  according  to  2,  whilst  the  residue  left  on 
evaporating  the  ethereal  solution,  which  may  contain  traces  of 
atropine,  is  treated  as  follows  : — 

a.  A  portion  is  dissolved  in  alcohol,  and  the  solution  allowed 
to  evaporate  slowly :  long  silky  needles  radiating  from  a  point 
indicate  picrotoxin.    Confii-m  according  to  §  245. 

|3.  A  por'tion  is  dissolved  in  concentrated  sulphiu-ic  acid,  and 
"bromine  water  added  :  a  more  or  less  pure  purple  colour  indi- 
cates digitalin. 

y.  Traces  of  atropine  can  only  be  recognized  by  the  pro- 
perty which  the  aqueoiis  solution  of  the  residue  possesses  of 
dilating  the  pupU. 

2.  A  solution  of  iodine  in  iodide  of  potassium  is  added  to  a  portion 
of  the  aqueous  solution,  and  to  another  portion  some  phosphomolybdic 
acid. 

a.  A  precipitate  is  produced  in  both  cases:  alkaloids 
are  indicated.    Pass  on  to  3. 

h.  No  precipitate  is  produced  in  either  case  :  alkaloids 
are  absent.    Pass  on  to  test  for  salicin  according  to  §  243. 

3.  To  a  small  portion  of  the  aqueous  solution,  potassa  or  soda  is 
added  until  it  is  just  alkaline ;  observe  whether  a  precipitate  is  produced 
or  not,  then  add  potassa  or  soda  in  good  excess,  and  dilute  with  water. 

a.  No  precipitate  is  produced  by  potassa  or  soda,  or 
the  precipitate  produced  has  re-dissolved:  presence  of 
atropine  or  morphine,  absence  of  all  other  alkaloids.  Another 
larger  portion  of  the  aqueous  solution  is  mixed  with  bicarbonate  of 
potassa  or  soda  in  excess,  stirred,  and  allowed  to  remain  for  some 
time. 

a.  No  precipitate  is  p)rocluced  :  absence  of  morpliine.  Soda  is 
added  to  the  solution,  it  is  shaken  with  ether,  and  the  ether 
separated  and  allowed  to  evaporate ;  the  residue  is  tested  for 
atropine  according  to  §  241,  6,  8,  and  9. 

/3.  A  jjrecipitate  is  produced  :  morphine.  The  precipitate  is 
collected  and  tested  for  morphine  according  to  §  233,  7,  8,  and  9, 
■     whilst  the  filtrate  is  tested  for  atropine  according  to  a. 

h.  A  precipitate  is  produced  by  potassa  or  soda, 
which  does  not  re-dissolve  in  excess  of  the  precipitant 

•  The  Freuch  must  be  dissolved  by  chloroform,  which  also  takes  up  any  narcotine 
which  may  be  present. 
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or  by  moderate  dilution:  a  larger  portion  of  the  acidified 
aqueous  solution  is  treated  in  the  same  way  as  the  small  sample 
3,  and  filtered.  The  precipitate  is  examined  according  to  4,  whilst 
the  alkaline  filtrate  is  shaken  with  ether,  allowed  to  remain  for  an 
hour  in  order  that  the  morphine  which  has  at  first  dissolved  in 
the  ether  may  separate  again  as  completely  as  possible,  and  the 
ethereal  layer  separated  from  the  aqueous  solution.  The  ether  is 
allowed  to  evaporate,  and  the  residue  tested  for  atropine  accord- 
ing to  §  241,  6,  8,  and  9,  whilst  the  morphine  is  thrown  down 
from  the  alkaline  aqueous  solution  by  carbonic  acid  (§  233,  4) 
and  tested  according  to  §  233,  7,  8,  and  9. 

4.  The  precipitate  obtained  in  3,  h,  is  washed  with  cold  water,  dis- 
solved in  a  slight  excess  of  dilute  sulpliuric  acid,  and  solution  of  bicar- 
bonate of  soda  added  until  the  acid  reaction  has  disappeared  ;  it  is  then 
stirred  actively,  rubbing  the  sides  of  the  vessel,  allowing  it  to  remain 
for  an  hour. 

a.  No  precipitate  is  formed:  absence  of  narcotine  and 
cinchonine.  The  solution  is  boiled  down  nearly  to  dryness,  and 
the  residue  taken  up  with  cold  water.  If  nothing  insoluble 
remains,  pass  on  to  6 ;  if  there  is  a  residue,  it  must  be  examined 
according  to  5  for  quinine  (of  which  a  small  amount  may  be 
present),  strychnine,  brucine,  and  veratrine. 

h.  A  precipitate  is  f  ormed.  (This  may  contain  narcotine, 
cinchonine,  and  quinine ;  compare  §  246,  3,  h.)  The  precipitate  is 
collected  and  the  filtrate  examined  according  to  a  ;  the  precipitate 
is  treated  as  follows  : — It  is  washed  with  cold  water,  dissolved  in  a 
little  hydrochloric  acid,  ammonia  added  in  excess,  and  then  a  suffi- 
cient quantity  of  ether  containing  2  per  cent,  of  alcohol. 

a.  The  preciintate  dissolves  completely  in  the  ether,  and  two 
clear  layers  are  formed :  absence  of  cinchonine,  presence  of 
quinine  or  narcotine.  The  ethereal  solution  is  evaporated,  the 
residue  taken  vip  with  a  little  hydrochloi'ic  acid,  and  enough 
water  to  make  the  dilution  at  least  1  :  200 ;  bicarbonate  of  soda 
is  then  added  until  it  is  neutral,  and  the  mixture  allowed  to 
remain  for  some  time.  A  precipitate  inchoates  narcotine:  this 
should  be  confirmed  by  chlorine  water  and  ammonia,  also  by 
sulphuric  acid  containing  nitric  acid  (§  234).  The  clear  aqueous 
solution,  or  the  filtrate  from  the  narcotine,  is  evaporated  to 
dryness,  and  the  product  treated  with  water.  If  a  residue 
remains,  it  is  washed,  dissolved  in  hydrochloric  acid,  and  chlorine 
water  and  ammonia  added;  a  green  coloration  indicates  qui- 
nine. 

/3.  The  precipitate  does  not  dissolve  in  the  ether,  or  but  incom- 
pletely :  cinchonine,  perhaps  also  quinine  or  narcotine.  The 
mixture  is  filtered,  and  the  filtrate  tested  as  in  a  for  quinine  and 
narcotine ;  the  precipitate  consists  of  cinchonine,  and  may  be 
further  tested  according  to  §  236,  3  and  8. 

5.  The  insoluble  residue  of  4,  a — left  on  evaporating  the  solution  to 
Avhich  bicarbonate  of  soda  has  been  added — is  washed  with  water  and 
examined  for  quinine  (of  which  a  small  quantity  may  be  present), 
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strychnine,  brucine,  and  veratrine  as  follows  :— It  is  dried  in  a  water- 
bath,  and  digested  with  absolute  alcohol. 

a.  1 1  d  i  s  s  o  1 V  e  8  completely:  absence  of  strychnine,  presence 
of  (quinine,)  brucine,  or  veratrine.  The  alcoholic  solution  is  evapo- 
rated to  dryness  on  the  water-bath,  and,  if  quinine  has  already 
been  detected,  the  residue  is  divided  into  two  portions,  one  being 
tested  for  brucine  with  nitric  acid  and  stannous  chloride  {§  239,  6), 
the  other  for  veratrine  by  means  of  concentrated  sulphuric 
acid  (§  240,  6).  If,  on  the  other  hand,  no  quinine  has  as  yet  been 
detected,  the  residue  is  divided  into  three  portions,  a,  b,  c  ;  a  and  b 
are  examined  for  brucine  and  veratrine  in  the  manner  just 
stated,  and  c  for  quinine  with  chlorine  water  and  ammonia.  If 
brucine  is  present,  however,  c  must  be  treated  with  absolute  ether, 
the  ethereal  solution  evaporated,  and  the  residue  examined  for 
quinine. 

b.  It  does  not  dissolve,  or  at  least  not  entirely:  pre- 
sence of  strychnine,  perhaps  also  of  (quinine,)  brucine,  and 
veratrine.  It  is  filtered  and  the  filtrate  examined  for  (quinine,) 
brucine,  and  veratrine  as  directed  in  5,  a.  The  precipitate 
is  shown  to  be  strychnine  by  the  reaction  with  sulphuric  acid  and 
chromate  of  potassa  (§  238,  8). 

6.  Salicin  has  still  to  be  tested  for  :  for  this  purpose,  more  hydro- 
chloric acid  is  added  to  the  rest  of  the  acidified  aqueous  solution  which 
has  been  exhausted  with  ether,  and  the  whole  boiled  for  some  time.  If 
no  precipitate  is  formed,  salicin  is  absent,  but  if  there  is  a  precipitate 
the  presence  of  salicin  is  indicated;  this  is  confirmed  by  adding 
ohromate  of  potassa  to  the  precipitated  liquid,  and  boiling  (§  243,  4), 
and  also  by  testing  the  original  substance  with  concentrated  sulphuric 
acid  (§  243,  3). 

c.  Detection  of  tlie  Alkaloids  and  of  Digitalin  and  Picrotoxin 
.   in  Presence  of  Extractive  and  Colouring  Matters,  Vegetable  or 
Animal. 

The  presence  of  mucilaginous,  extractive,  and  colouring  matters 
renders  the  detection  of  the  alkaloids  incomparably  more  difiicult.  These 
matters  obscure  the  reactions  so  much  that  we  are  not  able  even  to 
ascertain,  by  a  preliminary  experiment,  whether  the  substance  under 
examination  contains  alkaloids  or  not.  Several  methods  will  be  given 
in  the  following  sections  by  means  of  which  the  separation  of  the 
alkaloids  from  such  extraneous  matters  may  be  eflfected,  and  their  detec- 
tion made  practicable.  One  or  other  of  these  methods  must  be  chosen 
according  to  the  particular  circumstances  of  each  case. 

It  must,  however,  be  carefully  noted  that  these  methods  have  reference 
merely  to  the  alkaloids  desciibed  in  this  work.  This  section,  consequently, 
although  well-adapted  as  an  introduction  to  the  practice  of  such  Avork, 
is  not  sufficiently  extended  for  actual  chemical  researches,  not  only  for  the 
reason  given  above,  but  also  because  the  ptomaines  (cadaveric  alkaloids) 
have  not  been  included,  as  being  inconsistent  with  the  scope  of  this 
treatise.  When  parts  of  animal  bodies  have  to  be  examined,  the  danger 
of  mistaking  ptomaines  for  vegetable  alkaloids,  as  has  already  frequently 
happened,  must  be  very  carefully  guarded  against.    This  mistake  may 
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easily  arise  if  the  presence  of  some  one  or  other  of  the  vegetable 
alkaloids  is  inferred  from  a  single  reaction,  as  there  are  various  kinds  of 
ptomaines,  and  in  particular  some  which  give  single  reactions  strikingly 
like  those  obtained  with  ceitain  vegetable  alkaloids.  For  actual  chemico- 
legal  investigations,  therefore,  it  is  necessary  to  consult  works  which  on 
the  one  hand  treat  of  all  or  almost  all  the  alkaloids,  &c.,  or  at  all  events 
those  which  have  poisonous  properties,  and  on  the  other  hand  take 
the  ptomaines  into  account.* 

1.  STAs'sf  Method  for  the  Detection  of  Poisonous  Alka- 
loids (also  Digitalin  and  Picrotoxin),  modified  by  J. 

AND   R.  OTTO.t 

§  248. 

Stas's  process  depends  on  the  following  facts  : — 

a.  The  acid  salts  of  the  alkaloids  are  soluble  in  water  and 
alcohol. 

^.  The  neutral  and  acid  salts  of  the'  alkaloids  are  mostly  insoluble 
in  ether.  On  the  one  hand,  therefore,  salts  of  the  alkaloids  do  not 
usually  pass  into  ethereal  solution  when  the  neutral  or  acid  solution 
is  shaken  with  ether,  whilst,  on  the  other,  the  alkaloids  pass  into 
aqueous  solution  as  acid  sulphates  when  the  ethereal  solution  of 
the  pure  alkaloid  is  shaken  with  dilute  sulphuric  acid. 

y.  If  an  aqueous  solution  containing  neutral  or  acid  salts  of 
alkaloids  is  mixed  with  caustic,  carbonated,  or  bicarbonated  alkalies, 
the  alkaloids  are  liberated,  and,  on  shaking  the  alkaline  solution 
with  ether  or  amyl  alcohol,  the  pure  alkaloids  are  taken  up  by  the 
ether  or  amyl  alcohol. 

It  will  be  seen,  however,  from  the  following,  that  there  are  certain 
exceptions  to  these  general  rules. 

a.  If  the  alkaloid  has  to  be  sought  for  in  the  contents  of  a 
stomach  or  intestines,  in  food,  or  generally  in  pappy  matters,  the 
substance  is  mixed  with  twice  its  weight  of  strong  pure  alcohol  || 
and  just  enough  tartaric  acid  to  produce  a  decidedly  acid  reaction, 
and  is  then  heated  with  a  reflux  condenser  at  70°  or  75°.  When 
quite  cold,  it  is  filtered,  and  washed  with  strong  pure  alcohol. 

If  the  heart,  liver,  lungs,  or  similar  organs  have  to  be  operated 
on,  they  should  be  cut  up  small,  digested  with  the  acidified  alcohol 


*  Such  are  F.  J.  Otto's  "  Anleitunc/  zur  Ausmittelung  cler  Gifte"  sixth. 


itelung 

von  Giften"  second  edition  {ibid.,  1876),  and  his  "  Beitriige  zur  gericlitlichen 
C'hemie"  (St.  Petersburg:  Wienecke,  1884);  Sonnenschein's  " Handbuch  der 
gerichllichen  Chemie"  second  edition,  edited  by  Classen  (Berlin:  Hirscliwald 
1881).    Numerous  papers  on  the  ptomaines  have  also  appeared :  see  Zeit.  anal! 
Chem. 

t  Bull,  de  I'Acad^mie  de  Mddecine  de  la  Belgique,  9,  304  Jahrb  pr 
Pharm.,  24,  313.    Jahresb.  von  Liebig  u.  Kopp,  1851,  640.  * 

4:  Ann.  Chem.  Pharm.,  100,  44.  P.  J.  Otto's  "  Anleitiing  zur  Ausmitteluna 
der  Gifte,"  sixth  edition,  edited  by  Pv,.  Otto,  p.  105. 

II  In  order  to  remove  any  alkaloi'dal  substances  which  may  be  present  the 
alcohol  should  be  rectified  after  adding  to  it  a  little  tartaric  acid  (11.  Otto).  ' 
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in  the  manner  described  above,  squeezed,  the  treatment  repeate.l 
until  the  substance  is  exhausted  ;  when  quite  cold,  the  alcoholic 
extracts  obtained  are  mixed  and  filtered. 

h.  The  alcoholic  solution  is  evaporated  at  a  rather  low  tempera- 
ture; this  may  be  done  in  a  porcelain  evaporating  basin  on  a 
water-bath,  keeping  the  water  at  about  80°.  The  temperature  of 
the  solution  under  these  circumstances  will  not  rise  higher  tlian  40° 
or  50°;  if  this  is  considered  too  high,  the  evaporation  may  be 
hastened  by  blowing  air  across  the  surface  of  the  solution.  Stas 
considers  that  the  temperature  should  not  exceed  35° ;  he  therefore 
evaporates  under  a  bell  glass  over  sulphuric  acid,  with  or  without 
the  aid  of  an  air  pump,  or  in  a  retort  with  a  current  of  air  passing 
through  it.  Such  extreme  caution,  however,  is  verv  rarely  neces- 
sary; at  all  events,  the  greater  bulk  of  the  liquid  may  always  be 
evaporated  ofF  on  a  gently  heated  water-bath. 

If  insoluble  substances,  fat,  &c.,  separate  on  evaporation,  as 
indeed  is  usually  the  case,  the  now  aqueous  liquid  is  filtered  through 
a  moistened  filter,  and  the  filtrate  and  washings  evaporated  to  the 
consistence  of  an  extract  in  the  manner  described.  If  no  insoluble 
substances  separate  on  evaporating  the  alcoholic  solution,  it  may, 
of  course,  be  at  once  evaporated  to  the  consistence  of  an  extract. 

c.  The  residue  left  on  evaporation  is  extracted  as  thoroughly  as 
possible  by  gradually  adding  small  portions  of  cold  absolute  alcohol, 
mixing  intimately,  and  finally  adding  a  large  quantity  of  alcohol,  in 
order  to  separate  everything  that  can  be  precipitated  by  it.  The 
alcoholic  extract  is  filtered  through  a  filter  moistened  with  alcohol, 
the  residue  washed  with  cold  alcohol,  and  the  alcoholic  solution 
evaporated  at  a  low  temperature  (see  above) ;  the  residue  obtained 
in  this  way  is  now  taken  up  with  a  little  water,  the  greater  part 
of  the  free  acid  neutralized  with  dilute  soda,  leaving  the  solution 
feebly  but  distinctly  acid,  and  finally  it  is  shaken  up  with  pure 
ether  free  from  alcohol  and  oil  of  wine.  By  means  of  a  separating 
funnel,  or  an  ordinary  burette  with  a  glass  stop-cock,  the  ether  is 
separated  from  the  aqueous  layer,  and  the  latter  washed  by  shaking 
it  up  again  and  again  with  fresh  ether,  until  the  ether  is  no  longei- 
coloured  by  it. 

Besides  colouring  matters,  the  ether  also  takes  up  picrotoxin  and 
digitalin  (German,  see  note,  p.  442),  also  traces  of  verati-ine  and 
atropine.  It  is  advisable  to  keep  the  first  strongly  coloured  ethereal 
extract  apart  from  the  ethereal  washings  subsequently  obtained,  in 
order  that  they  may  be  examined  separately  (compare  h). 

d.  The  acid  aqueous  solution  which  has  been  separated  from 
ether  is  gently  warmed  to  drive  off'  the  dissolved  ether,  and  solution 
of  soda  cautiously  added  until  the  liquid  is  distinctly  alkaline  to 
turmeric-paper.  The  alkaloids  are  thus  libei'ated,  morphine  dis- 
solving in  the  excess  of  soda.  The  alkaline  solution  is  shaken  Avitli 
pure  ether  (free  from  alcohol  and  oil  of  wine),  and,  after  half  an 
hour  or  an  hour,  the  two  layers  of  liquid  are  sepai'ated  as  in  c.  The 
ethereal  extract  now  contains  tlie  whole  of  the  alkaloids,  except  the 
morphine,  only  a  small  part  of  which  passes  into  the  ethereal  solu- 
tion.   The  amount  of  morphine  dissolved  by  the  ether  is  smaller 
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the  more  completely  the  acidified  aqueous  solution  was  freed  from 
dissolved  ether,  and  the  longer  the  time  which  was  allowed  to  elapse 
between  the  shaking  with  ether  and  the  separation  of  the  two  layers 
of  liquid.  A  portion  of  the  ethereal  extract  is  allowed  to  evaporate 
in  a  large  watch-glass,  which  should  be  heated  to  about  25°  or  30° 
(to  prevent  condensation  of  water).  If  there  is  no  residue,  no  alka- 
loid was  dissolved  in  the  ether  ;  pass  on  to  g.  If  a  residue  remains, 
its  appearance  will  often  give  some  idea  of  the  nature  of  the  alkaloid  : 
thus  oily  streaks  which  gradually  collect  to  a  drop,  and  when  gently 
warmed  give  an  unpleasant  suffocating  odour,  would  indicate  a  liquid 
volatile  base  ;  whilst  a  solid  residue,  or  a  turbid  liquid  containing 
solid  particles  in  suspension,  would  indicate  a  non- volatile  solid  base. 
If  the  ethereal  extract  leaves  a  residue,  the  alkaline  aqueous  solu- 
tion is  treated  with  ether  again  and  again  until  a  portion  of  the  last 
ethereal  washings  leaves  no  residue  on  evaporation.  The  mixed 
ethereal  extracts  are  then  allowed  to  evaporate  in  a  small  glass  dish 
placed  upon  a  bath  containing  water  at  about  30°,  adding  the  solu- 
tion in  small  quantities  at  a  time  as  it  evaporates. 

The  aqueous  alkaline  liquid  separated  from  the  ether  contains 
the  morphine,  and  is  examined  according  to  g. 

e.  If  the  acidified  aqueous  solution  in  c  has  been  well  and  com- 
pletely exhausted  with  ether,  the  alkaloids  left  on  the  evaporation 
of  the  ethereal  extract  will  remain  in  so  pure  a  state  that  the  tests 
may  be  applied  at  once  to  the  residue.  If  this  residue  forms  oily 
streaks  or  drops,  the  evaporation  should  be  completed  in  a  vacuum 
over  sulphuric  acid,  in  order  to  remove  the  remainder  of  the  ether 
and  ammonia;  it  is  then  tested  for  con  in  e  and  nicotine  accordinar 
to  p.  417.  If  the  residue  is  crystalline,  it  should  be  examined  under 
the  microscope,  and  then  tested  according  to  §  246  or  §  247,  unless 
the  appearance  of  the  crystals  should  indicate  a  particular  alkaloid. 
If  the  residue  consists  of  amorphous  rings,  it  is  dissolved  in  absolute 
alcohol  with  the  aid  of  a  gentle  heat,  the  solution  allowed  to  evapo- 
rate slowly,  noticing  whether  any  crystals  are  thus  formed ;  the 
residue  is  then  treated  as  directed. 

/.  If,  on  the  contrary,  the  acidified  aqueous  solution  in  c  has 
been  insufficiently  treated  with  ether,  the  residue  obtained  on  the 
evaporation  of  tfie  ethereal  extract  from  the  alkaline  solution  will 
not  be  pure  enough  to  be  tested  at  once.  In  this  case,  it  must  be 
dissolved  in  water  slightly  acidified  with  sulphuric  acid,  filtered  if 
necessary,  and  the  acid  solution  shaken  repeatedly  with  ether  (the 
ethereal  solution  thus  obtained  may  contain  the  remainder  of  the 
picrotoxin  and  digitalin,  and  is  to  be  treated  like  the  ethereal  solu- 
tion obtained  in  c) ;  the  aqueous  solution,  after  it  has  been  freed 
from  ether  by  gentle  warming,  is  now  mixed  with  potassa  or  soda 
in  decided  excess,  and  shaken  repeatedly  with  ether,  as  jirescribed 
in  d,  until  the  last  ethereal  extract  no  longer  leaves  a  residue  on 
evaporation.  The  ethereal  extracts  are  allowed  to  evaporate,  and 
the  residue,  thus  purified,  is  examined  as  in  e ;  *  the  aqueous  solu- 

*  As  it  appears  that  strychnine  cannot  be  obtained  pure  in  this  way 
F,  Janasens  rt'conimends  (Zeit.  anal.  Chem.,  4,  48)  to  mix  the  sohition  in  dihito 
tartai  ic  aci.l,  wliicl)  still  contains  foreign  substances,  with  finely  powdered  bicarbon- 
ate of  soda,  so  tliat  the  solution  may  be  acid  with  free  carbonic  acid  only.    If  any 
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tion,  which  may  contain  the  remainder  of  the  morphine,  is  added 
to  the  solution  obtained  in  d. 

g.  The  alkahne  hquid  obtained  in  d,  or  in  d  and/,  whicli  con- 
tains the  whole  or  the  greater  part  of  the  morphine,  is  freed  from 
ether  by  gentle  warming,  acidified  with  hydrochloric  acid,  ammonia 
added  in  excess,  then  without  delay  pure  amyl  alcohol,  and  the 
mixture  shaken*  As  morphine  is  considerably  more  soluble  in 
warm  amyl  alcohol  than  in  cold,  it  is  advisable  to  warm  the  flask 
by  dipping  it  in  warm  water.  After  the  amyl  alcohol  has  been 
separated  from  the  aqueous  solution  by  means  of  a  separating 
funnel,  the  extraction  is  repeated  with  a  fresh  quantity  of  amyl 
alcohol.  The  amyl  alcohol  extracts  are  united,  freed  entirely  from 
water  by  subsidence  and  filtration,  evaporated,  and  the  residue,  if 
any,  is  tested  for  morphine.  If  the  residue  is  not  pure  enough, 
it  is  dissolved  in  water  acidified  with  sulphuric  acid,  filtered,  shaken 
with  warm  amyl  alcohol,  the  aqueous  solution  separated,  mixed 
with  ammonia,  and  the  alkaline  liquid  shaken  with  amyl  alcohol. 
On  evaporating  this  amylic  extract  after  freeing  it  from  water,  the 
morphine  will  be  left  in  a  pure  state,  and  may  be  tested  as  in  §  233. 

.  h.  The  ethereal  extracts  obtained  in  c,  or  in  c  and  /,  from  the 
acidified  aqueous  solution  have  now  to  be  tested  for  picrotoxin 
and  di gitalin.  These  extracts  also  contain  colouring  matters, 
which  are  principally  present  in  the  first  portions  extracted.  It  is 
therefore  advisable  to  follow  Otto's  recommendation,  and  evapo- 
rate the  first  highly  coloured  portions  apart  from  the  latter  slightlv 
coloured  portions,  and  examine  the  residues  separately.  These  are 
next  moistened  with  glacial  acetic  acid,  warmed  -with  water,  and  the 
solutions  filtered  from  the  resinous  solid  matter.  The  picrotoxin 
and  digitalin  present  are  then  removed  by  shaking  up  the  acid 
solution  with  chloroform.  Any  traces  of  atropine  which  may  be 
present  are  obtained  by  adding  excess  of  ammonia  to  the  acid 
solution  separated  from  the  chloroform,  and  shaking  it  up  with 
benzene  (compare  §  247,  1).  On  carefully  evaporating  the  chloro- 
form and  benzene  solutions,  the  compounds  dissolved  in  them  are 
obtained  in  a  state  fit  for  further  examination. 

2.  DrAGENDORFF's  METHOD.f 

§  249. 

The  method  elaborated  by  Dragendorfi",  which  he  has  gradually 
rendered  more  and  more  complete,  embraces  a  very  large  number 

precipitate  is  formed,  this  is  filtered  off  as  quickly  as  possible ;  the  strychnine  is 
dissolved  in  the  carbonic  acid,  and  will  be  precipitated  on  heating  the  filtrate  and 
partially  evaporating  it.  When  the  precipitate  has  been  collected  and  washed,  it 
is  dissolved  in  a  small  quantity  of  dilute  sulphuric  acid  (I  :  200),  carbonate  of 
potassa  added  in  excess,  and  the  liquid  shaken  repeatedlj-^  with  six  times  its 
volume  of  ether,  which  is  then  poured  oW  and  allowed  to  evaporate.  It  is  better 
to  use  chloroform  instead  of  ether  for  extracting  the  alkaline  solution. 

*  Stas  recommends  ether  only  for  the  extraction  of  alkaloids,  whilst  L-  v. 
Uslar  and  J.  Erdmann  (Ann.  Chem.  Pharm.,  120,  121,  and  122,  360)  prefer  to 
use  amyl  alcohol  only ;  it  is  best,  however,  to  employ  the  two  solvents  one  after 
the  other  as  directed  in  the  text. 

t  "  Die  gerichtlicli-chemisclie  Ermittehmg  von  Giftcn,"  second  edition  (St. 
Petersburg  :  Schmitzdorff,  1876),  p.  141. 
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of  the  alkaloids,  and  also  includes  maiiy  other  organic  compounds. 
An  outline  of  the  method  is  here  given,  and  its  application  to  the 
detection  of  the  alkaloids,  &c.,  timted  of  in  the  preceding  sections.  In 
these  operations,  special  care  must  be  taken  that  the  solvents  shaken 
up  with  the  liquid  under  examination  are  carefully  separated  from  the 
^iqueous  portion  before  evaporating  them  to  dryness,  and  this  should  be 
done  at  as  low  a  temperature  as  possible ;  the  separation  of  the  aqueous 
portion  is  most  conveniently  effected  by  means  of  a  burette  fitted  with 
a  glass  tap.    The  method  includes  the  following  operations  : — 

a.  Extraction  at  40°  to  50°  with  water  and  sufficient  sulphuric 
acid  to  render  the  extract  distinctly  acid. 

h.  Concentration  of  the  aqueous  extract  to  a  syrupy  consistence, 
digestion  of  the  residue  for  twenty-four  hours  at  30°  with  3  to  4 
volumes  of  alcohol.  The  mixture  is  cooled,  filtered,  and  the  residue 
washed  with  70  per  cent,  alcohol. 

c.  The  alcohol  is  distilled  off;  the  residue  is  cooled,  diluted  with 
water  if  necessary,  and  filtered. 

d.  The  acid  aqueous  solution  is  shaken  up  with  light  peti'oleum 
(none  of  the  alkaloids  treated  of  in  this  work  pass  into  this  petroleum 
extract). 

e.  The  acid  aqueous  solution  is  then' shaken  up  with  benzene, 
and  the  benzene  extract  purified  by  shaking  it  up  with  water. 

The  benzene  extract  takes  up  some  digitalin  and  traces  of 
veratrine. 

/.  The  acid  aqueous  solution  is  shaken  up  with  chloroform  : 
narcotine,  cinchonine,*  picrotoxin,  digitalein,  and  traces 
of  b  r u c i n e  and  veratrine  are  dissolved. 

g.  The  acid  aqueous  solution  separated  from  the  chloroform  is 
shaken  up  with  hght  petroleum  to  remove  the  last  traces  of  chloro- 
form. 

7t.  Excess  of  ammonia  is  added  to  the  aqueous  solution,  the 
cold  ammoniacal  solution  is  shaken  up  with  light  petroleum  (rec- 
tified over  oil),  and  the  petroleum  separated  after  the  lapse  of 
some  time. 

The  petroleum  extract  contains  the  conine  and  nicotine,  and 
also  small  quantities  of  strychnine,  brucine,  veratrine'  and 
quinine.  ' 

i.  The  ammoniacal  aqueous  solution  is  shaken  up  with  benzene. 
(If  the  benzene  seems  gelatinous,  the  aqueous  solution  must  be 
separated,  a  few  drops  of  absolute  alcohol  added  to  the  benzene 
and  the  solution  filtered.)  ' 

/The  benzene  extract  contains  strychnine,  brucine,  quinine, 
cinchonine,  atropine,  veratrine,  and  the  remainder  of  the 
narcotine. 

h.  The  ammoniacal  aqueous  solution  is  shaken  up  with  cljlorc- 
form. 

In  this  way  the  remainder  of  the  cinchonine  and  a  small 
quantity  of  morphine  are  extracted. 

rhi"2^!.'SrI°^"  experiments  he  found  that  the  cinchonine  is  not  taken 

Q  G 
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I.  The  ammoniacal  aqueous  solution  is  shaken  up  with  amyl. 
alcoliol.    Morphine  and  sal  if  in  are  dissolved. 

VI.  The  ammoniacal  aqueous  solution  is  evaporated  to  dryness 
with  powdered  glass,  and  the  dry  residue  is  extracted  with  chloro- 
form. 

This  last  operation  is  not  required  when  dealing  with  the  alka- 
loids treated  of  here,  as  they  have  already  been  extracted. 

It  is  evident  that  the  methods  based  on  the  shaking  up  of  solutions- 
with  various  solvents  may  be  modified  in  many  ways,  and  that  when  a 
substance  is  to  be  examined  for  a  definite  alkaloid,  &c.,  as,  for  instance, 
in  testing  urine  for  morphine,  or  food  for  strychnine,  the  process 
may  be  greatly  simplified.  ISTumerous  modifications  of  this  kind  have 
been  described,  for  which  the  reader  is  referred  to  the  "  Zeitschrift  fixr 
analytische  Chemie."  A  few  methods  will  be  described  here  based  on 
totally  different  principles. 

3.  Sonnenschein's  Method.* 

§  250. 

The  substance  is  extracted  with  water  rendered  strongly  acid  with 
hydrochloric  acid,  the  extract  evaporated  at  30°  to  the  consistence  of  a 
thin  syrup,  diluted  with  water,  allowed  to  cool  and  remain  for  some 
time,'  then  filtered,  and  the  filtrate  precipitated  with  phosphomolybdic 
acid.  After  a  considerable  time,  the  precipitate  containing  all  the 
alkaloids  (but  not  digitalin,  picrotoxin,  or  salicin)  is  collected,  washed 
with  water  to  which  some  phosphomolybdic  acid  and  nitric  acid  have 
been  added,  and  then  rinsed  into  a  flask ;  baryta  water  is  then  added  to- 
alkaline  reaction,  and  the  flask  connected  by  means  of  a  condenser  yvitli  a 
receiver  containing  hydrochloric  acid,  to  which  a  Peligot's  tube  is  fitted. 
On  boiling  the  contents  of  the  flask  for  some  time,  the  ammonia  and 
volatile  bases  pass  over  and  combine  with  the  hydi'ochloric  acid  in  the 
receiver.  The  excess  of  baryta  is  thrown  down  fi-om  the  residue  in  the 
distillation  flask  by  means  of  carbonic .  acid,  the  liquid  evaporated  to 
dryness,  the  residue  treated  with  strong  alcohol,  filtered,  and  the  filti-ate 
allowed  to  evaporate.  If  the  alkaloids  in  the  residue  are  not  sufliciently 
pure,  they  may  be  purified  by  one  of  the  methods  given  in  §  248  or 
§  249.  As  gelatin  is  also  precipitated  by  phosphomolybdic  acid,  it 
should,  if  present,  be  separated  from  the  impure  alkaloids  by  dissolving- 
them  in  a  little  dilute  hydrochloric  acid,  and  submitting  the  solution  to 
dialysis  (§251). 

4.  Separation  by  Dialysis. 

§  251. 

The  method  of  dialysis  devised  by  Graham,  and  described  in  §  8, 
may  also  be  advantageously  employed  to  efiect  the  separation  of 
alkaloids  from  the  contents  of  the  stomach,  intestines,  &c.  The  material 
is  acidified  with  hydrochloric  acid,  and  placed  in  the  dialyser.  The 
alkaloids,  being  crystalloids,  pass  through  the  membrane,  and,  after 
twenty-four  hours,  are  found,  for  the  greater  part,  in  the  outer  liquid  ; 

*  See  his  "  liandhuch  der  gericlitlichen  CJicmie,"  second  editiou,  p.  312  (Berlin  : 
Hirschwakl,  188]). 
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this  solution  is  concentrated  by  evaporation,  and  tlie  alkaloids  may 
then,  according  to  circumstances,  be  either  at  once  precipitated,  or  they 
may  be  purified  by  one  of  the  methods  described  above. 

5.  Method  used  by  Graham  and  A.  W.  Hofmann*  to 
Detect  Strychnine  in  Beer. 

§  252. 

This  method,  which  is  based  on  the  known  fact  that  a  solution  of  a 
salt  of  strychnine,  when  shaken  with  animal  charcoal,  gives  up  its 
strychnine  to  the  charcoal,  will  undoubtedly  be  found  applicable  also  for 
the  detection  of  other  alkaloids.  The  process  is  conducted  as  follows : — 

The  aqueous  neutral  or  feebly  acid  liquid  to  be  examined  for 
strychnine  is  shaken  with  animal  charcoal  (Graham  and  Hofmann 
employed  30  grams  of  it  to  the  litre),  allowed  to  remain  for  twelve  to 
twenty-four  hours,  with  occasional  shaking,  the  charcoal  filtered  off, 
washed  twice  with  water,  and  then  boiled  for  half  an  hour  with  spirit 
of  wine  of  80-90  per  cent.  (120  c.c),  avoiding  loss  of  alcohol  by  the  use 
of  a  reflux  condenser.  The  spu-it,  filtered  hot  from  the  charcoal,  is 
distilled  down,  and  a  few  drops  of  solution  of  potassa  added  to  the 
residual  aqueoiis  liquid ;  this  is  then  shaken  with  ether  (or,  better  still, 
with  chloroform),  and  the  supernatant  ether  separated  from  the  aqueous 
liquid.  The  ethereal  liquid,  on  spontaneous  evaporation,  leaves  the 
strychnine  in  a  state  of  sufiicient  purity  to  admit  of  its  further  exami- 
nation by  reagents  (see  §  238). 

Macadam  t  employed  the  same  method  in  his  numerous  expei'iments 
to  detect  strychnine  in  the  bodies  of  dead  animals.  He  treated  the 
comminuted  matters  with  a  dilute  aqueous  solution  of  oxalic  acid  in  the 
cold,  filtered  through  muslin,  washed  with  water,  heated  to  boiling, 
filtered  while  still  warm  from  the  coagulated  albuminous  matters,  shook 
with  charcoal,  and  proceeded  in  the  manner  just  described.  According 
to  his  statements,  the  residue  left  by  the  evaporation  of  the  alcoholic 
solution  was  generally  at  once  fit  to  be  tested  for  strychnine.  Whei-e  it 
was  not  so,  he  treated  the  residue  again  with  solution  of  oxalic  acid, 
and  repeated  the  process  with  animal  charcoal. 


II. 

General  Plan  of  the  Order  in  which  Substances  should  be 
Analysed  for  Practice. 

§  253. 

When  the  student  is  familiar  with  the  behaviour  of  svxbstances  with 
reagents,  and  has  also  learnt  practically,  not  only  how  different  groups 
of  bases  and  acids,  but  also  the  members  of  the  same  group,  may  be 
detected  or  separated  by  the  use  of  these  reagents,  it  is  time  to  pass 
on  from  learning  qualitative  analysis  to  actual  investigations.    It  is  not 

*  Chem.  Soc.  Quart.  .Journ.,  5,  173,  and  Ann.  Chem.  Pharm.  83  39 
t  Pharm.  Journ.  Trans.,  16,  120,  l(jO.  ' 
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[§  253. 


a  matter  of  indifference  to  the  student,  in  choosing  substanceg  to 
analyse  for  the  sake  of  practice,  whethci'  Jie  proceeds  without  any  rule 
or  order,  or  whether,  on  the  contrary,  his  investigations  are  carried  on 
systematically.  Many  Avays,  indeed,  may  lead  to  the  goal,  but  one  of 
them  is  always  the  shortest.  A  course  is  therefore  here  laid  down  for 
the  guidance  of  the  student  which  experience  has  shown  will  lead  safely 
and  speedily  to  the  attainment  of  the  object  in  view. 

As  long  as  analyses  are  made  for  the  sake  of  practice  only,  it  is 
absolutely  necessary  to  know  with  certainty  whether  the  results 
obtained  are  correct  or  not ;  in  no  other  way  can  a  full  belief  in  the 
trustworthiness  of  the  methods  and  confidence  in  hLs  own  powers  be 
instilled  into  the  student,  or  the  conviction  that  an  accurate  and 
systematic  following  of  the  process  given  will  lead  to  the  desired  result. 

If  there  is  no  opportunity  for  this,  it  is  better  to  prepare  one's  own 
mixtures,  so  that  their  constituents  may  be  known,  rather  than  to 
examine  substances  whose  composition  is  entirely  unknown.  Let  a 
beginner,  for  instance,  analyse  a  mixture  the  composition  of  which  is 
not  accurately  known  by  the  person  who  gives  it  him ;  he  will,  without 
doubt,  find  one  or  more  substances,  but  what  becomes  of  his  trust  in 
the  methods  employed  and  in  his  own  skill  when,  in  reference  to  his 
results,  he  is  merely  told  "very  possibly,"  ''very  Hkely,"  it  is  so, 
instead  of  the  teacher  being  able  to  say  definitely  whether  the  results 
are  correct  or  not. 

According  to^the  individual  powers  and  previous  knowledge  of  the 
student,  a  greater  or  smaller  number  of  analyses  must  be  undertaken 
before  he  has  confidence  in  his  work.  The  following  scheme  contains  a 
hundred  numbers,  which  the  author  is  convinced  is,  on  an  average, 
sufficient  for  obtaining  a  thorough  knowledge  of  quahtative  analysis 
if  the  substances  be  carefully  chosen. 

A.  From  1  to  20. 

Aqueous  solutions  of  simple  salts:  such  as  sulphate  of  soda, 
nitrate  of  lime,  chloride  of  copper,  &c. 

These  investigations  will  serve  to  teach  the  student  the  method  of 
analysing  substances  soluble  in  Avater  and  containing  one  base  only. 
It  is  merely  necessary  to  ascertain  what  base  is  present  in  solution; 
neither  the  detection  of  the  acid,  nor  the  proof  of  the  absence  of  all 
other  bases,  is  required. 

B.  From  21  to  50. 

Salts,  &c.,  containing  one  base  and  one  acid  in  the  solid 
state  (in  form  of  powder) :  for  example,  carbonate  of  baryta,  borate  of 
.soda,  phosphate  of  lime,  arsenious  acid,  chloride  of  sodium,  bitartrate  of 
potassa,  acetate  of  copper,  sulphate  of  baryta,  chloride  of  lead,  &c. 

These  investigations  will  serve  to  teach  the  manner  in  which  the 
preliminary  examination  of  a  solid  substance  should  be  made  by  heating 
in  a  tube  or  before  the  blowpipe ;  how  it  may  be  obtained  in  a  proper 
form  for  analysis,  that  is,  how  to  dissolve  or  decompose  it j  how  to 
detect  one  metallic  oxide,  even  if  the  substance  is  insoluble^  in  water ; 
and  how  to  demonstrate  the  presence  of  one  acid.  The  detection  of  both 
the  base  and  the  acid  is  required,  but  it  is  not  necessary  to  prove  that 
no  other  substances  are  present. 


§  254.] 


AKRANGIlMENr  OF  RESULTS. 


453 


This  portion  of  the  course  will  cultivate  habits  of  careful  observation 
and  forethought ;  the  indications  aftbrded  by  the  preliminaiy  examina- 
tion, and  the  behaviour  of  the  substance  towards  solvents,  taken  nJong 
with  a  knowledge  of  the  base  present,  leading  the  student  to  infer  what 
acids  should  be  tested  for. 

C.  From  51  to  65. 

Aqueoxis  or  acid  solutions  of  several  bases.  These  inves- 
tigations will  serve  to  teach  the  student  the  method  of  separating  and 
distinguishing  several  metallic  oxides.  The  proof  is  also  required  that 
no  other  bases  are  present  besides  those  detected,  The  acids  are  not 
tested  for. 

D.  From  66  to  80. 

Dry  mixtures  of  every  description.  Some  of  the  salts 
should  be  organic,  others  inorganic ;  some  soluble  in  water  or  hydro- 
chloric acid,  others  insoluble ;  for  example,  mixtures  containing  chloride 
of  sodium,  carbonate  of  lime,  and  oxide  of  copper : — phosphate  of 
magnesia  and  ammonia,  and  arsenious  acid ; — ta,rtrate  of  lime,  oxalate  of 
lime,  and  sulphate  of  baryta ; — phosphate  of  soda,  nitrate  of  ammonia, 
and  acetate  of  potassa,  &c. 

These  will  serve  to  teach  the  student  how  to  make  a  preliminary 
examination  of  mixtures  of  different  substances  and  how  to  treat  them 
with  solvents ;  how  to  detect  several  acids  in  presence  of  each  other ; 
how  to  detect  the  bases  in  presence  of  phosphates,  oxalates,  &c.,  of  the 
alkaline  earths ; — and  they  will  serve  as  a  general  introduction  to 
scientific  and  practical  analysis.  All  the  component  parts  must  be 
detected,  and  the  nature  of  the  substance  ascertained. 

E.  From  81  to  100. 

Native  compounds,  commercial  products,  &c.  Mineral  and 
other  waters,  minerals  of  all  kinds,  soils,  ashes  of  plants,  potash,  soda, 
alloys,  colours,  &c. 


III. 

Arrangement  of  the  Results  of  the  Analyses  Performed 

for  Practice. 

§  254. 

The  way  in  which  the  results  of  an  analytical  investigation  is 
arranged  is  not  a  matter  of  indifference,  as  although  diffei-ent"  arrange- 
ments may  all  serve  the  same  purpose  more  or  less,  some  are  better 
than  others,  as  showing  at  a  glance  the  whole  course  of  the  analysis  and 
the  results  obtained. 

The  following  examples  will  serve  to  illustrate  the  method  which 
the  author  has  found  to  be  the  most  suitable  and  convenient. 
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Plan  of  aruanging  the  Results  of  Expeeiments,  Nos.  1-20. 
Colourless  solution  of  neutral  reaction. 


Hydrochloric 

Acid 
oio  2}')'ecipitate, 
absent  AgO 
„  Hg.,0 


Sulphuretted 

Hydrogen 
710  2)reci2ntate, 
absent  PbO 
„  HgO 
„  CuO 
„  Bi03 
„  CdO 


AsO, 
AsO, 
Sb03 
SnO, 
SnO' 
AUO3 
PtO„ 


Sulphide  of 
Ammonium 
Qio  iirecipitate, 
absent  PeO 
„  MnO 

„  mo 

.,  CoO 
„  ZnO 


A1.0, 


Carbonate  of 
Ammonia  and 
Chloride  of 
Ammonium 
a  white  precipitate, 
consequently  either 
BaO,SrO,orCaO. 
No  precipitate  by 
solution   of  sul- 
phate   of  lime, 
consequently 
lime. 

Confirm  by  oxaHc 
acid. 


Plan  of  arranging  the  Results  of  Experiments,  Nos.  21-50. 

White  powder,  melting  in  its  water  of  crystallization  when  heated, 
no  further  alteration  afterwards.  Heated  before  the  blowpijie 
on  charcoal,  it  becomes  incandescent ;  microcosmic  bead  not 
coloured,  clear  when  cold.    Soluble  in  water,  solution  neutral. 


HCl 

no  preci- 
pitate. 

HS 

no  preci- 
pitate. 

NHS 

4 

no  precijn- 
tate. 

NHp,CO„ 
and  NH^Cl 
no  precipi- 
tate. 

2NaO,HO,P03 

NHp 
a  lohite  p^'ecipitaie, 
consequently 
magnesia. 

As  the  base  is  magnesia,  and  the  substance  is  soluble  in  water,  the 
acid  radicle  can  only  be  chlorine,  iodine,  bromine,  sulphuric  acid,  nitric 
acid,  acetic  acid,  &c.  The  preliminary  examination  has  joroved  the 
absence  of  the  organic  acids  and  of  nitric  acid. 

Chloride  of  barium  produces  a  white  precipitate  insoluble  in  hydro- 
chloric acid,  indicating  sulphuric  acid. 
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[§  255. 


IV. 

TABLE 

OP  THE 

MORE  FREQUENTLY  OCCUEEING  FOEMS  AND 
COMBINATIONS  OF  THE  SUBSTANCES  TEEATED  OF  IN  THE 

PRESENT  WOEK, 

AIUIAXGED 

■WITH  ESPECIAL  EEGAED  TO  THE  CLASS  TO  AVHICH  THEY  EEEPECTIYELr  BELONG 
ACCOEDING  TO  THEIE  SOLUBELITX 

IN  WATER,  m  HYDEOCHLOEIC  ACID,  11^  NITRIC  ACID, 
OR  IN  NITROHYDROCHLORIC  ACID. 


§  255. 

PRELIMINAEY  REMARKS. 

The  class  to  whicli  the  several  compounds  respectively  belong  ac- 
cording to  their  solubility  in  water  or  acids  (see  §  179)  is  expressed  by 
figures  in  the  table,  pp.  458-459.  Thus  1  or  I  means  a  substance 
soluble  in  water ;  2  or  II  a  substance  insoluble  in  water,  but  soluble  in 
hydrochloric  acid,  nitric  acid,  or  nitrohydrochloric  acid  ;  3  or  III  a 
substance  insoluble  in  water,  in  hydrochloric  acid,  and  in  nitric  acid. 
For  those  substances  which  stand  as  it  were  on  the  limits  between 
the  various  classes,  the  figures  of  the  two  classes  in  question  are  both 
given  :  thus  I— II  or  1-2  signifies  a  substance  sparingly  soluble  in 
water,  but  soluble  in  hydrochloric  acid  or  nitric  acid  ;  I-III  or  1-3  a 
substance  sparingly  soluble  in  water,  and  of  which  the  solubility  is  not 
notably  increased  by  the  addition  of  acids ;  and  II-III  or  2-3  a  sub- 
stance insoluble  in  water,  and  sparingly  soluble  in  acids.  Wlierever 
the  behaviour  of  a  siibstance  with  hydrochloric  acid  is  materially 
different  from  that  which  it  exhibits  with  nitric  acid,  the  difference 
is  given  in  the  notes. 

The  baloi'd  salts  and  sulphur  compounds,  for  the  sake  of  clearness, 
are  placed  in  the  columns  of  the  corresponding  oxides.  Thus,  mercurous 
chloride  comes  in  the  column  headed  Hg^O  (merciu'ous  oxide),  mercuric 
chloride  in  the  cohimn  HgO,  stannous  sulphide  in  the  column  headed 
SnO,  and  stannic  sulphide  in  that  headed  SnO„,  etc. 
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The  officinal  compounds  and  those  more  commonly  occuiTing  are 
indicated  by  Roman  figui'es  :  thus,  baryta  is  I,  sulphate  of  baryta  III, 
carbonate  of  Hme  II,  (fee. ;  on  the  other  hand,  those  which  are  not  officinal 
or  technical,  or  are  but  seldom  met  with,  are  indicated  by  Arabic 
numei'als  :  thus,  borate  of  baryta  is  2,  bromide  of  barium  1 ,  (fee. 

The  salts  given  are,  as  a  general  rule,  the  neuti'al  salts ;  the  basic, 
acid,  and  double  salts,  if  officinal  or  technical,  are  mentioned  in  the 
notes ;  the  small  figures  placed  near  the  corresponding  neutral  or  simple 
salts  refer  to  these. 
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1 

1 

1 

Il-IIl 

2 

Cfdy 

I 

1 

1 

1 

1 

2 

3 

S 

I 

I 

I 

I 

1 

I-II,, 

2 

2 
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II 

NO, 

I 

I 

I 

I 

I 

1 

1 

1 

1 

1 

1 

CIO, 

I 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

T 
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I, 

In 

2 

2 

II 
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1 

1 

2 
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CA 

1 

1 

1 

2 
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1 

1 

1 
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2 

Mo 

1 

1 

-I 
1 

1 
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1 

-'47 

1 

1 

1 

1 

OU 

1 

1 

1 

1 

1-2 

1-2 

1-2 

1 

1-2 

1-2 

1 

Bz 

1 

1 

1 

1 

1 

1 

1 

Sa 

1 

I 

I 

1-2 

1-2 

1-2 

1 

A 

I 

1 

I 

1 

1 

I 

1 

I 

1 

I 

1 

Fo 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

AsOa 

I 

1 

1 

2 

2 

2 

2 

2 

ASo, 

I 

I 

I 

2 

2 

2 

2 

2 

2 

2 

2 

Na,0 

(NH,),0 

BaO 

SrO 

CaO 

MgO 

AIA 

CrA 

ZnO 

MnO 

NiO 
II 

2 
I 
2 
2 
2 

1-  2 
II 
2 

I 
1 
1 

2-  3 
3 

3 

2,s 
1 

1 

2 


1 
1 
2 

2 

NiOCoO: 


NOTES  TO  TABLE  OF  SOLUBILITY, 


Dichromate  of  potassa  L 
Tartarized  borax  I. 
Binoxalate  of  potassa  I. 
Bicarbonate  of  potassa  I. 

5.  Bitartrate  of  potassa  I. 

6.  Tartrate  of  ammonia  and  potassa  1. 

7.  Tartrate  of  soda  and  potassa  I. 

8.  Phosphate  of  soda  and  ammonia  I. 


I 


F  COMPOUNDS. 


AgO 

rbo 

Hg,0 

HgO 

CuO 

BiO, 

CdO 

AuOj 

PtO, 

SnO 

SnO, 

II 

2 

II,. 

11 

II 

II 

2 

2 

2 

2 

2&3 

11,, 

1 

2 

ii-iii 

2 

1-2 

1 

2 

2 

2 

2 

CrOj 

1 

I-II 

ii-iii 

1-2 

1., 

1 

I 

1 

1 

2 

SO3 

II 

2 

2 

2  ■ 

2 

2 

2 

2 

2 

2 

1-2 

2 

2 

2 

2 

1  2 

2 

2 

2 

2 

2 

2 

2 

2' 

1 

2 

1 

2 

0 

1 

1 
2 

2 

l[ 

2 

1-2 
2 

2 

II 

1 

2 

1-2 
2 

1 

1 

1 

F 

CO, 

2 

2 

2 

2 

SiO, 

I.. 

III 

I-III 

II-TII 

I. 

I 

I 

I 

I40 

i-n« 

CI 

1 

3 

1-3 

2-3 

1 

1 

1-2 

I 

1 

1 

1-2 

Br 

1 

3 

III 

II 

II 

1 

2 

I 

2 

3 

1 

1 

1-2 

1 

III 

2 

1 

2 

2 

I 

1 

Cy 

III 

3 

3 

3 

3 

Cfy 

JL 

•> 

o 

1  0 

w  1  u  y 

2 

9 

-'•-'3 

II 

II 

2.1 

2 

II 

2 

9 

-29 

241 

-'-I44-45 

s 

J. 

T 

T 
1 

r 

-■  ■js  . 

T 
i 

T 

J- 

T 

■1 
1 

-I 
1 

N  n 

1 

'  1 

1 

1 

1 

1 

1 

1 

1 

ci,o. 

T 

22 

9 

o 

1  9 

L 

1 

1-z 

L 

9 

1 

I 

2 

2 

2 

1-2 

1 

2 

Ci 

I 

2 

1-2 
2 

1-2 
2 

2 
2 

1-2 
1-2 

1 

1-2 

1 

1 

1 

Ma 
Su 

2 

1-2 
1-2 

2 

1-2 

2 

1-2 

2 
1 

1 

Bz 
Sa 

I 

1 

I.,- 

1-2 

1 

In. 

1 

1 

1 

1 

A 

I 

1 

1-2 

1 

1 

1 

1 

1 

1 

Fo 

2 

2 

2 

2 

2 

II 

2 

AsA 

2 

2 

2 

2 

2 

2 

2 

2 

2 

As,0, 

2,0., 

1 

Ag.O 

PbO 

Hg.O 

HgO 

CuO 

CdO 

Au„0, 

PtO., 

"  1 

SnO 

SnO, 

Sb,03 

9.  Biborate  of  soda  I. 

10.  Bicarbonate  of  soda  I. 

11.  Basic  phosphate  of  lime  II. 

12.  Phosphate  of  ammonia  and  magnesia  II. 

13.  Sulphate  of  alumina  and  potassa  I. 

]  4.  Sulphate  of  alumina  and  ammonia  I. 
15.  Sulphate  of  chromium  and  potassa  I. 

IG.  Sulphide  of  zinc,  as  blende,  readily  in  nitric  acid,  rather  difficultly 
in  hydrochloric  acid  on  heating. 

[over. 
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17.  Peroxide  of  manganese  readily  in  hydrochloric  acid,  not  in  nitric 

acid. 

18.  Sulphide  of  nickel  is  decomposed  rather  readily  by  nitric  acid, 

with  great  difficulty  by  hydrochloric  acid. 

19.  Sulphide  of  cobalt  like  sulphide  of  nickel. 

20.  Sulphate  of  protoxide  of  iron  and  ammonia  I. 

21.  Ammonium  ferric  chloride  I, 

22.  Tartrate  of  sesquioxide  of  iron  and  potassa  I. 

23.  Sulphide  of  silver  in  nitric  acid  only. 

24.  Minium  is  converted  by  hydrochloric  acid  into  chloride  of  lead, 

,by  nitric  acid  into  protoxide,  which  dissolves  in  excess  of 
acid,  and  into  brown  peroxide,  which  is  insoluble  in  nitric 
acid. 

25.  Triacetate  of  lead  I. 

26.  Mercurious  solubilis  Eahnemanni  II. 

27.  Basic  mercuric  sulphate  II. 

28.  Ammonio-mercuric  chloride  II. 

29.  Sulphide  of  mercury,  not  in  hydrochloric  acid,  not  in  nitric  acid, 

but  in  warm  aqua  regia. 

30.  Sulphate  of  copper  and  ammonia  I. 

31.  Sulphide  of  copper,  decomposed  by  hydrochloric  acid  with 

difficulty,  readily  by  nitric  acid. 

32.  Basic  acetate  of  copper  partially  in  water,  completely  in  acids. 

33.  Basic  chloride  of  bismuth  II. 

34.  Basic  nitrate  of  bismuth  II. 

35.  Chloride  of  sodium  and  gold  I. 

36.  Sulphide  of  gold,  insoluble  in  hydrochloric  acid  or  in. nitric  acid, 

but  soluble  in  warm  aqua  regia. 

37.  Platinochloride  of  potassium  I-III. 

38.  Platinochloride  of  ammonium  I-III. 

39.  Sulphide  of  platinum,  not  in  hydrochloric  acid,  scarcely  in  boiling 

nitric  acid  (if  precipitated  hot),  but  in  warm  aqua  regia. 

40.  Chloride  of  ammonium  and  tin  I. 

41.  Stannous  and  stannic  sulphide  are  dissolved  by  warm  hydro- 

chloric acid,  converted  by  nitric  acid  into  stannic  oxide, 
insoluble  in  excess  of  the  acid.  Sublimed  stannic  sulphide 
only  in  warm  aqua  regia. 

42.  Teroxide  of  antimony  in  hydrochloric  acid,  not  in  nitric  acid. 

43.  Basic  chloride  of  antimony  II. 

44.  Sulphide  of  antimony  is  dissolved  by  hydrochloric  acid,  parti- 

cularly on  heating ;  decomposed  but  only  very  partially  dis- 
solved by  nitric  acid. 

45.  Sulphide  of  antimony  and  calcium  I-II. 

46.  Tartrate  of  antimony  and  potassa  I. 

47.  Acid  malate  of  lime  I. 


INDEX. 


A  BSOKPTIOX,  3 

—  specti-a,  30 
Acetates,  properties,  247 

—  reactions,  247 
Acetic  acid,  41 

 detection,  249 

 properties,  247 

 reactions,  247 

 tests  of  purity,  41 

 uses  as  reagent,  41 

Acids,  37 

—  arrangement  in  groups,  189 

—  liydrogen,  37 

—  inorganic,  190 

 of  group  1,  properties,  190 

 of  group  2,  properties,  213 

 of  group  3,  properties,  230 

—  organic,  235 

 of  group  1,  properties,  235 

 of  group  2,  properties,  243 

 of  group  3,  properties,  247 

—  oxygen,  37 

Albumin  on  metapliosphoric  acid,  201 

—  on  phosphoric  acid,  200 

—  on  pyrophosphoric  acid,  200 
Alcohol,  preparation  of  absolute,  30 

—  tests  of  purity,  36 

—  uses  as  reagent,  36 

—  on  acetates,  248 

—  on  chromates,  191 
• —  on  formates,  249 

—  on  osmic  acid,  155 

Alcohol  flame.    See  Flame  coloration 
Alkalies,  50 

—  properties,  84 
Alkaline  earths,  53 
 properties,  93 

Alkaloids,  general  reagents  for,  411 

—  methods  of  detecting,  411, 439, 445, 448, 

450,  451 
Alloys,  analysis,  270 

—  preliminary  examination,  265 
Alumina,  decomposition  of  insoluble  com- 
pounds of,  104 

—  hydrate,  104 

—  in  presence  of  tartrates,  236 

—  properties,  104 

—  reactions,  104 

—  separation  from  scsquioxide  of  cliro- 

mium,  107 


Alumina  carbonate,  properties,  104 
Alumina  phosphate,  properties,  105 
Alumina  salts,  properties,  104 
Aluminium,  properties,  103 
Aluminium  on  antimony  salts,  168 

—  on  hyposulphites,  194 

—  on  nitrates,  233 

—  on  sulphites,  193 
Ammonia,  61 

—  detection  of  minute  quantities,  90 

—  Nessler's  test,  90 

—  preparation  of  solution,  52 

—  properties,  88 

—  reactions,  88,  90 

—  separation  from  other  alkalies,  89 

—  tests  of  purity,  53 

—  uses  as  reagent,  53 

—  on  alumina  salts,  104 

—  on  antimony  salts,  166 

—  on  atropine  salts,  434 

—  on  baryta  salts,  94 

—  on  beryllia  salts,  108 

—  on  bismuth  salts,  149 

—  on  brucine  salts,  431 

—  on  cadmium  salts,  150 

—  on  cerium  salts.  111 

—  on  chromium  salts,  106 

—  on  cinchonine  salts,  426 

—  on  cobalt  salts,  126 

—  on  copper  salts,  147 

—  on  didymium  salts,  113 

—  on  ferric  salts,  130 

—  on  ferrous  salts,  129 

—  on  gallium  salts,  137 

—  on  gold  salts,  158 

—  on  hydrofluosilicic  acid,  196 

—  on  indium  salts,  136 

—  on  lanthaiiium  salts,  113 

—  on  lead  salts,  142 

—  on  lime  salts,  97 

—  on  magnesia  salts,  99 

—  on  manganese  salts,  121 

—  on  mercuric  chloride,  90 

—  on  mercuric  chloride  and  soda  carbon- 

ate, 90 

—  on  mercury  and  potassium  iodide  90 

—  on  mercuric  salts,  144  ' 

—  on  mercurous  salts,  140 

—  on  morpliino  sails,  418 

—  on  narcutino  salts,  422 
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Ammonia,  on  nickel  salts,  124 

—  on  niobic  acid,  117 

—  on  palladium  salts,  15."5 

—  on  picrotoxin,  439 

—  on  quinine  salts,  4'2-t 

—  on  rhodium  salts,  154 

—  on  ruthenium  salts,  155 

—  on  silver  salts,  139 

—  on  stannous  sails,  IGl 

—  on  strontia  salts,  95 

—  on  strychnine  salts,  428 

—  on  tantalio  acid,  116 

—  on  thallium  salts,  135 

—  on  thoria  salts,  109 

—  on  titanic  acid,  115 

—  on  uranium  salts,  134 

—  on  vanadium  compounds,  137 

—  on  veratrine  salts,  433 
• —  on  yttria  salts,  110 

—  on  zinc  salts,  119 

■ —  on  zirconia  salts,  110 
Ammonia  acetate,  on  gallium  salts,  137 
Ammonia  bitartrate,  properties,  89 
Ammonia  carbonate,  preparation  of  solu- 
tion, 60 

 tests  of  purity,  60 

 uses  as  reagent,  60 

 on  alumina  salts,  104 

 on  antimony  salts,  166 

 -on  baryta  salts,  94 

 on  berylHa  salts,  108 

 on  bismuth  salts,  149 

 on  cadmium  sails,  151 

 on  cerium  salts.  111 

—  —  on  chromium  salts,  106 

 on  didymium  salts,  113 

 on  gallium  salts,  137 

 ■  on  indium  salts,  136 

 on  lanthanium  salts,  115 

 on  lime  salts,  97 

 on  magnesia  salts,  100 

 on  manganese  salts,  122 

 on  stannous  salts,  161 

 on  strontia  salts,  95 

 on  thallium  salts,  135 

 on  thoria  salts,  109 

 on  uranium  salts,  1 34 

 on  yttria  salts,  110 

 on  zinc  salts,  120 

 on  zirconia  salts,  110 

Ammonia  molybdate,  solution,  62 

 uses  as  reagent,  63 

 on  arsenic  acid,  178 

 on  phosphoric  acid,  199 

 on  pyrophosphoric  acid,  200 

 on  Bilicic  acid,  200 

Ammonia  nitrate,  on  stannic  compounds, 
164 

Ammonia  oxalate,  preparation,  58 

 preparation  of  solution,  59 

 tests  of  purity,  59 

 uses  as  reagent,  59 

—  —  on  baryta  salts,  94 

 on  cerium  salts,  112 

 on  didymium  salts,  113 


Ammonia  oxalate,  on  indium  salts,  130 

 on  lanthanium  salts,  113 

 on  lime  salts,  97 

 on  magnesia  salts,  ]  00 

 on  strontia  salts,  90 

Ammonia  phosphomolybdate,  properties, 
199 

Ammonia  salts,  properties,  88 
Ammonia  metavanadate,  properties,  138 
Ammonium  chloride,  preparation  of  solu- 
tion, 63 

 purification,  63 

 tests  of  purity,  03 

 uses  as  reagent,  63 

 on  iridium  salts,  183 

 on  platinum  salts,  159 

 on  silicates,  211 

 on  vanadates,  138 

Ammonium  platinochloride,  properties,  88 
Ammonium  silicofluoride,  on  borates,  202 
Ammonium  sulphide,  action  of  air,  50 

 nature  of  yellow,  56 

 preparation,  56 

 •  tests  of  purity,  56 

 uses  as  reagent,  57 

 -on  alumina,  104 

 on  antimony  salts,  160 

 on  arsenic  acid,  177 

 on  arsenious  acid,  170 

 on  beryllia  salts,  108 

 on  bismuth  salts,  149 

 on  cadmium  salts,  150 

 on  chromates,  191 

— ■  —  on  chromium  salts,  103 

 on  cobalt  salts,  126 

 on  copper  salts,  146 

 on  cyanides,  220 

 on  ferric  salts,  130 

 on  ferrous  salts,  128 

 -on  gallium  salts,  137 

 on  gold  salts,  158 

 on  indium  salts,  136 

•  on  iridium  salts,  183 

 on  lead  salts,  142 

 on  manganese  salts,  121 

 on  mercurous  salts,  140 

 -on  mercuric  salts,  144 

 -on  raolybdic  acid,  185 

 on  nickel  salts,  123 

 on  niobic  acid,  117 

 on  palladium  salts,  153 

 on  platinum  salts,  159 

—  —  on  rhodium  salts,  154 

 on  ruthenium  salts,  155 

 on  silver  salts,  139 

 -on  stannic  compounds,  163 

 on  stannous  salts,  101 

 on  tantalio  acid,  116 

— •  —  on  thallium  salts,  135 

 on  thoria  salts,  108 

 on  titanic  acid,  115 

 on  tungstatcs,  186 

 on  uranium  salts,  134 

 on  vanadates,  138 

 on  vanadic  acid,  138 


INDEX. 
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Ammonium  sulphide,  on  yttiia  salts,  110 

 on  zinc  salts,  119 

 on  zirconia  salts,  110 

Amovpbous  substances,  5 
Analysis,  systematic  course,  255 

—  remarks  on  and  notes  to  course,  392-400 

—  arrangement  of  resTxlts,  453 

—  general  plan  of,  451 

—  of  simple  compounds  when  soluble  in 

water,  272 

—  of  simple  compounds  when  soluble  in 

acids,  283 

—  of  simple  compounds  when  insoluble,  288 

—  of  complex  compounds  when  soluble,  291 
— •  of  complex  compounds  when  insoluble, 

325 

Aniline  hydrochloride,  on  vanadates,  138 

Antimonates,  properties,  165 

Antimoniuretted  hydrogen,  properties,  167 

 separation  from  arseniui'etted  hydro- 
gen, 181 

 on  silver  nitrate,  181 

Antimonic  acid,  properties,  165 

 separation  from  antimony  teroxide, 

182 

Antimony,  properties,  164 

—  reactions,  165 

—  separation  from  arsenic,  180 

—  separation  from  tin,  178 
Antimony  oxides,  properties,  165 
Antimony  salts,  properties,  165 
Antimony  teroxide,  separation  from  anti- 
monic acid,  182 

Antimony  sulphide,  propfirties,  165 
"Antimony-vermilion,"  166 
Aj)paratus,  list  of,  31 
Aqua  regia,  44 

 preparation,  44 

 uses  as  reagent,  44 

Arsenate  of  copper,  177 

—  of  silver,  177 
Arsenates,  properties,  176 
Arsenite  of  copper,  170 

—  of  silver,  170 

Arseniuretted  hydrogen,  properties',  171 

 separation    from  antimoniuretted 

hydrogen,  181 

 on  silver  nitrate,  181 

Arsenic,  detection  in  poisoning  cases,  362 

—  garlic  odour,  176 

—  Marsh's  test,  171 

—  properties,  168 

—  lieinsch's  test,  171 

—  separation  from  tin  and  antimony,  178 
Arsenic  acid,  properties,  176 

—  reactions,  177 

—  separation  from  arsenious  acid,  182 
Arsenic  pentasulphide,  formation,  177 
 separation  from  arsenic  tarsulphido, 

_  183 

Arsenic  terstdphide,  pi'operties,  169 
 separation   Iroin  arsenic  pentasul- 
phide, 183 
Arsenious  acid,  properties,  169 
 reactions,  169 


Arsenious  acid,  separation  from  arsenic 

acid,  182 
Arsenites,  properties,  169 
Asbestos  millboard,  support  for  flasks,  &c., 

21 

Ash,  analysis,  388 
Atropine,  detection,  436,  440 

—  properties,  434 

—  reactions,  434 

—  salts,  properties,  434 
Auric  chloride,  157 
Auric  oxide,  157 
Aurous  chloride,  157 
Aurous  oxide,  157 


"DAEIUM   chloride,   preparation  from 
heavy-spar,  66 

 preparation  from  witherite,  66 

 preparation  of  solution,  67 

 tests  of  purity,  67 

 uses  as  reagent,  67 

 on  benzoates,  245 

 on  borates,  201 

—  —  on  carbonates,  210 

 on  chromates,  191 

 on  fluorides,  204 

 on  hydrofluosilicic  acid,  196 

 on  hypophosphites,  230 

— ■  —  on  hyposulphites,  193 

 on  iodates,  1!)4 

 on  oxalates,  203 

 on  perchlorates,  235 

 on  phosphates,  198 

— •  —  on  phosphites,  208 

 on  pyrophosphates,  200 

 on  selenious  acid,  188 

 on  succinates,  244 

 on  sulphates,  195 

 on  sulphites,  193 

 on  tungstates,  186 

 on  vanadates,  138 

Barium  fluoride,  jiroperties,  204 
Barium  silicofluoride,  properties,  94 
Baryta.    See  Baryta,  hydrate  of 

—  properties,  93 
■ —  reactions,  93 

—  separation  from  other  alkaline  earths, 

101 

—  and  strontia,  detection  of  minute  qnnn- 

tilics  in  presence  of  lime,  103 

—  uses  as  flux,  78 

—  water,  54 

 on  carbonntes,  210 

 •  on  carbonic  acid,  210 

 on  magnesia  salts,  99 

Baryta  acetate,  on  citrates,  238 
Baryta  borate,  properties,  201 
Baryta  carbonate,  preparation,  67 

 properties,  93 

 tests  of  purity,  68 

 uses  as  reagent,  68 

 on  alumina  salts,  104 

 on  borj'llia  salts,  108 

 on  cerium  salts,  112 
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Baryta  carbonate,  on  clivomium  salts,  lOG 

 on  cobalt  salts,  127 

 ondidymium  salts,  113 

 on  ferric  salts,  131 

—  —  on  ferrous  salts,  129 

 on  indium  salts,  136 

 on  lanthanium  salts,  113 

 on  manganese  salts,  122 

 on  nickel  salts,  125 

 on  thoria  salts,  109 

 on  titanic  acid,  115 

 on  uranium  salts,  134 

 on  yttria  salts.  111 

 on  zinc  salts,  120 

 on  zirconia  salts,  110 

Baryta  chromate,  properties,  95, 191 
Baryta  citrate,  properties,  239 
Baryta,  bydrate  of,  78 

 uses,  78 

Baryta  iodate,  properties,  194 
Baryta  nitrate,  preparation,  67 

 preparation  of  solution,  67 

 tests  of  purity,  67 

 uses  as  reagent,  67 

Baryta  oxalate,  properties,  94,  203 
Baryta  phospbate,  properties,  94 
Baryta  pyi-opbospbate,  properties,  200 
Baryta  salts,  properties,  93 
Baryta  selenite,  properties,  188 
Baryta  succinate,  properties,  244 
Baryta  sulpbate,  properties,  94 
Bases,  50 
• —  groups,  84 

—  of  group  1,  properties,  84 

—  of  group  2,  properties,  93 

—  of  group  3,  properties,  103 

—  of  group  4,  properties,  118 

—  of  group  5,  properties,  138 

—  of  group  6,  pi-operties,  156 

—  oxygen,  50 

 classification,  50,  84 

 definition,  50 

 properties,  50 

—  sulpbur,  60 

 definition,  50 

 properties,  50 

Benzene,  as  solvent  for  iodine,  218 
Beuzoates,  properties,  245 

—  reactions,  245 
Benzoic  acid,  detection,  246 

 properties,  244 

 reactions,  245 

Beryllia,  detection  in  analytical  course, 
407,  408 

—  occurrence,  107 

—  properties,  107 

—  reactions,  108 

Beryllia  carbonate,  properties,  108 
Beryllia  salts,  properties,  108 
Berzelius  lamp,  19 
Bismuth,  properties,  148 

—  purification  from  arsenic,  55 

—  reactions,  149 

—  separation  from  other  members  of  Gr. 

5,  Div.  2, 152 


Bismuth,  basic  chloride,  properties,  149 
l^jsiuuth,  basic  nitrate,  55 
Bisnmth  carbonate,  properties,  149 
Bismutli  chromate,  properties,  149 
Bismuth  hydrate,  preparation,  55 

 properties,  149 

 test  of  purity,  52 

—  —  uses  as  reagent,  50 
Bismuth  oxides,  properties,  148 
Bismuth  and  potassium  iodide,  as  reagent 

for  alkaloids,  413 

—  —  preparation,  _/boi-?io<e,  413 
Bismutli  salts,  properties,  148 
Bismuth  sulphide,  properties,  149 
Bisulphide  of  carbon,  tests  of  purity,  37 
 uses,  36 

Blowpipe,  15 

—  flame,  16 

—  method  of  using,  17 

Boihng,  action  on  titanic  acid  solution,  115 
Boracic  acid.    See  Boric  acid 
Borates,  properties,  201 
Borax,  tests  of  purity,  80 

—  uses  as  flux,  81 

Borax  bead,  testing  with,  81 

 with  cerium  salts,  112 

 with  chromates,  192 

 with  chromium  salts,  100 

 with  cobalt  salts,  127 

 with  copper  salts,  148 

 ■  with  didymium  oxide,  113 

 with  iron  salts,  129 

 with  manganese  salts,  123 

 with  nickel  salts,  125 

 with  tin  compounds,  162 

 with  tiranium  salts,  134 

 with  vanadic  acid,  138 

 with  yttria,  111 

 and  copper  oxide  with  tin  salts,  li)2 

Boric  acid,  detection,  207 

 loss  on  evaporation,  201,  207 

 properties,  201 

 reactions,  201 

Boron  fluoride,  formation,  202 
Bromides,  reactions,  215 

—  insoluble,  decomposition,  216 
Bromide  of  starch.    See  Starch  bromide 
Bromine,  detection,  226 

—  properties,  214 

—  reactions,  214 

Bromine  water,  on  cobalt  salts,  126 

 on  manganese  salts,  122 

 on  nickel  salts,  124 

Brucine,  detection,  485,  441,  444, 449 

—  properties,  430 

—  reactions,  430 

—  on  chlorates,  234 

—  on  nitrates,  231 
Brucine  salts,  properties,  430 
Bunseu  flame,  parts  of,  23 
Bimsen  burner,  20 

 improved,  22 

Butyric  acid,  detection,  251 

 properties,  250 

 reactions,  251 
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rtADMIUM,  properties,  150 
^     —  reactions,  150 

—  separation  from  other  members  of  Gr. 

^  5,  Div.  2,  152 
Cadmium  carbonate,  properties,  151 
Cadmium  oxide,  properties,  150 
Cadmium  and  potassium  iodide,  as  reagent 
for  alkaloids,  412 

 preparation, /bo<-?ioie,  412 

Cadmium  salts,  properties,  150 
Cadmium  sulphide,  properties,  150 
Csesia,  detection  in  analytical  coui'se,  408 

—  rubidia,  and  lithia,  detection  in  presence 

of  much  potassa  and  soda,  92 

—  and  rubidia,  difference  from  potassa,  91 

—  distribution,  91 

—  reactions,  91 

Cassia  alum,  solubility,  91 

Cjesia  bitartrate,  solubility,  91 

Caesia  carbonate,  solubility  in  alcohol,  91 

Cresium  platiiiochloride,  solubility,  91 

Calcium,  reactious,  97 

Calcium  chloride,  preparation,  68 

 preparation  of  solution,  68 

 tests  of  purity,  68 

—  uses  as  reagent,  68 

 on  benzoates,  245 

 on  carbonates,  210 

•  on  citrates,  238 

 on  fluorides,  204 

 on  hydrofluoric  acid,  204 

 on  hypophosphites,  230 

 on  malates,  240 

 on  oxalates,  203 

 on  phosphorous  acid,  208 

 on  racemates,  242 

 on  salicylates,  246 

 on  succinates,  244 

 on  tartrates,  236 

 on  tungstates,  186 

Calcium  fluoride,  properties,  204 

 uses  as  reagent,  78 

 and  potassa  bisulphate  with  borates, 

202 

Calcium  salts,  properties,  97 
Candle  flame,  16 

Carbolic   acid   and   sulphuric  acid,  on 

nitrates,  231 
Carbon,  properties  of,  209 
Carbon  bisulphide,  36 

 tests  of  purity,  37 

 uses  as  reagent,  36 

 as  solvent  for  bromine,  215 

 as  solvent  for  iodine,  218,  226 

Carbonates,  properties,  209 

—  reactions,  210 

Carbonic  acid,  free  detection,  210,  212 

 properties,  209 

 reactions,  210 

 on  ferricyanides,  222 

 on  ferrocyanides,  222 

 on  soda  niobate,  118 

 on  tantalates,  117 

Cassius,  purple  of,  158 
Cerite,  decomposition,  111 


Cerium,  detection  in  analytical  course, 
407,  408 

—  occurrence.  111 

—  reactions,  111 

—  separation  from  lanthanium  and  didy- 

mium,  113 
Cerium  oxide,  properties,  111 

—  dioxide,  properties,  112 

Cerium  protoxide  and  potassa  sulphate, 

properties,  112 
Cerium  salts,  properties,  112 
Cerosoceric  oxide,  on  strychnine,  430 
Charcoal  supports  for  blowpipe,  18 
Chlorates,  properties,  233 

—  reactions,  233 
Chloric  acid,  detection,  234 

 properties,  233 

 reactions,  233 

Chlorides,  insoluble,  decomposition,  214 

 properties,  213 

 reactions,  213 

"Chloride  of  soda."  See  Soda  hypochlorite 
Chlorine,  detection,  226 

—  detection  of  free,  213 

—  preparation,  43 

—  preparation  of  solution,  43 

—  preservation  of  solution,  43 

—  properties,  213 

—  reactions,  213 

—  uses  as  reagent,  43 

—  on  bromides,  215 

—  on  iodides,  218 

—  on  iridium  and  sodium  chloride,  185 

—  on  niobic  acid  and  charcoal,  117 

—  on  osmium,  154 

—  on  sulphites,  193 

—  on  tantalic  acid  and  charcoal,  116 

—  on  titanic  acid  and  charcoal,  116 
Chlorine  water,  43 

 on  cinchonine,  426 

 on  Conine,  417 

 on  narcotine,  423 

 on  nicotine,  416 

 on  quinine,  425 

 on  strychnine,  430 

 on  veratrine,  433 

Chlorites,  properties,  230 

—  reactions,  230 

Chlorochromic  acid,  properties,  214 
Chloroform,  tests  of  puritj',  37 

—  uses  as  reagent,  36 

—  as  solvent  for  bromine,  215 

 for  iodine,  218,  226 

Chlorous  acid,  properties,  230 
 reactions,  230 

Chromates,  insoluble,  decomposition,  192 

 properties,  190 

 reactions,  191 

Chrome  iron  stone,  decomposition,  329 
Chromic  acid,  detection,  192 

 detection  of  minute  quantities,  192 

 properties,  190 

 reactions,  191 

 on  hyposulphites,  194 

 on  sulphites,  193 
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Chronaium,  detection  of  minute  quantities, 
192 

—  reactions,  104 

—  separation  i'rora  aluminium,  107 
Chromium  carbonate,  properties,  lOG 
Cliromium  chromate,  formation,  191 
Cliromium  salts,  properties,  lOG 
Chromium  sesquioxide,  properties,  106 
 reactions,  lOG 

 separation  from  alumina,  107 

Cinchonine,  detection,  427,  441,  443 

—  properties,  425 

—  reactions,  42  G 
Cinchonine  salts,  properties,  426 
Citrates,  properties,  238 

—  reactions,  238 

Citric  acid,  detection,  241 

 properties,  238 

 reactions,  238 

Cobalt,  properties,  125 

—  reactions,  126 

—  separation  from   other    members  of 

Gr.  4,  132 
Cobalt  ferricyanide,  properties,  127 
Cobalt  ferrocyanide,  properties,  127 
Cobalticyanide  potassium,  formation,  127 
Cobalt  nitrate,  preparation,  82 

 tests  of  purity,  82 

 uses  as  reagent,  82 

 with  alumina  salts,  105 

 with  beryllia  salts,  108 

 with  zinc  salts,  120 

Cobalt  oxide,  properties,  125 

Cobalt  and  potassium  cyanide,  properties, 

127 

Cobalt  salts,  properties,  125 
Cobalt  sesquioxide,  properties,  125_ 
Cobalt  sesquioxide  andpotassa  nitrite,  127 
Cobalt  sulpliide,  properties,  126 
Colloids,  definition,  9 
Coloured  glasses,  use  of,  28 
Columbite,  116,  117 

Complex  mixtures,  analysis  of,  291  et  seq. 
Condenser,  Liebig's,  12 
Conine,  detection,  417 

—  properties,  416 

—  reactions,  417 

Conine  salts,  properties,  416 
Copper,  properties,  145 

—  reactions,  146 

—  precipitation  by  iron,  147 

—  separation   from    other   members  of 

Gr.  5,  Div.  2,  152 

—  uses  as  reagent,  55 

—  on  arsenic  acid,  177 

—  cn  arsenious  acid,  171 

—  on  mercury  salts,  141 

—  onmolybdic  acid,  184 

—  on  nitric  acid,  231  , 

—  on  selenious  acid,  188 

—  on  sulphurous  acid,  193 
Copper  arsenide,  properties,  171_ 
Copper  carbonate,  basic,  properties,  147 
Copper  ferrocyanide,  properties,  147 
Copper  hydrate,  properties,  146 


Copper  oxides,  properties,  146 
Copper  salts,  properties,  146 
Copper  subiodide,  properties,  217 
Copper  sulphocyanate,  properties,  147 
Copper  sulphate,  preparation,  72 

 preparation  of  solution,  72 

 tests  of  purity,  72 

 uses  as  reagent,  72 

 on  arsenic  acid,  177 

 on  arsenious  acid,  170 

 on  arsenious  acid  and  potassa,  171 

—  —  on  ferricyanides,  222 
 on  ferrocyanides,  222 

 and  ferrous  sulphate  or  sulphurous 

acid,  on  iodides,  217 
Copper  sulphide,  properties,  146 
Copper-zinc  couple,  on  chlorates,  234 

 on  perchlorates,  235 

Crucibles,  13 

Crucibles,  platinum,  rules  for  using,  14 
Crystallization,  5 
Crystalloids,  definition,  9 
Crystals,  5 

Cuprous  iodide,  properties  of",  217 
Cyanides,  double,  219 

—  insoluble,  analysis,  330 

—  properties,  2l9 

—  reactions,  220 
Cyanogen,  detection,  225 

—  detection  in  mercury  cyauide,  221 

—  properties,  219 

—  reactions,  220 


TjECANTATION,  8 
—  washing  by,  8 
Deflagration,  15 

—  of  chlorates,  233 

—  of  nitrates,  231 
Dialyser,  10 
Dialysis,  9 

Didyraiura,  detection  in  analytical  course, 
407 

—  occurrence,  113 

—  oxide,  properties,  113 

—  oxide,  leactions,  113 

—  salts,  properties,  113 
Digitalin,  detection,  441,  442,  448 
— -  properties,  437 

—  reactions,  438 

Diphenylaminp,  as  a  test  for  chlorates,  234 

 for  nitrates,  232 

Dissolution,  4,  267 
Distillate,  12 
Distillation,  12 

Drageudorfi"s  method  for  the  detection  of 
alkaloids,  &c.,  448 

EAE.THS,  alkaline,  properties.  93 
Etching  test  for  fluorine,  205 
Ether,  tests  of  purity,  36 

—  uses  as  reagent,  36 

—  acetic,  formation,  248 
Ether,  as  solvent  for  iodine,  2  IS 
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Evaporation,  11 
Excess,  meaning  of,  33 
Exercises,  plan,  451 


FEHLTNG'S    solution,  on  picrotoxin, 
439 

Ferric  acetate,  properties,  247 
Ferric  benzoate,  properties,  245 
Ferric  cliloride,  preparation,  70 

 tests  of  purity,  70 

 uses  as  reagent,  70 

 on  acetates,  247 

 on  benzoates,  245 

 on  fcrricyaiiides,  222 

 on  ferrocjanides,  222 

 on  formates,  219 

 on  hyposulphites,  193 

 on  iodides,  219,  227 

 on  morphine  salts,  421 

 on  narcotine  salts,  423 

 on  phosphates,  199 

 on  salicin,  437 

 on  salicylates,  246 

 on  succinates,  244 

Ferric  ferrocyanide,  properties,  130 
Ferric  oxide,  detection  in  presence  of 
protoxide,  133 

 properties,  129 

 reactions,  130 

 in  presence  of  tartrates,  236 

Ferric  salts,  properties,  130 
Ferric  succinate,  properties,  244 
Ferric  sulphocyanate,  properties,  130 
Ferricyanides,  insoluble,  analysis  of,  330 
 decomposition  of,  223 

—  properties,  222 
Fen-icyanogen,  I'eactions,  222 
Ferrocyanides,  insoluble,  analysis  of,  330 
 decomposition  of,  222 

—  properties,  222 
Ferrocyanogen,  reactions,  222 
l'"errosoferrIc  oxide,  properties,  129 
Ferrous  ferricyanide,  properties,  129 
Ferrous  oxide,  detection  in  presence  of  ses- 

quioxide,  133 

 properties,  128 

 reactions,  128 

Ferrous  potassium  ferrocyanide,  properties, 
129 

Ferrous  salts,  properties,  128 
Ferrous  sulphate,  preparation,  G9 

 tests  of  purity,  69 

 uses  as  reagent,  69 

 on  chlorites,  230 

 on  cyanides,  220 

 on  ferricyanides,  222 

 on  gold  salts,  158 

 on  iridium  salts,  184 

 on  molybdic  acid,  184 

 on  nitrates,  231 

 on  nitrites,  228 

 on  osmic  acid,  155 

 on  platinum  salts,  159 

 on  tungstates,  186 


Ferrous  siilpliide,  properties,  128 
Filter,  7 
Filter  stand,  8 
Filtering  paper,  7 

 purification  of,  7 

Filters,  washing,  8 
Filtrate,  7 
Filtration,  7 
Flame,  structure  of,  16 

—  oxidizing,  17 

—  reducing,  17 

Flame  coloration,  examination  of,  26 

 of  baryta  salts,  95 

 of  baryta  salts  with  alcohol,  95 

 of  boric  acid  with  alcohol,  201 

 of  boric  acid  with  potassa  biaulphate 

and  calcium  fluoride,  202 

 of  caesium  salts,  91 

 of  copper  salts,  148 

  of  gallium  salts,  137 

 of  indium  salts,  136 

 of  lime  salts,  98 

 of  lime  salts  with  alcohol,  98 

 of  lithia  salts,  92 

 of  osmium  salts,  154 

 of  potassa  salts,  86 

 of  potassa  salts  with  alcohol,  86 

 of  rubidium  salts,  91 

 of  selenium,  188 

 of  soda  salts,  87 

 of  soda  salts  with  alcohol,  88 

 of  strontia  salts,  96 

 of  strontia  salts  with  alcohol,  96 

 of  tellurium,  187 

 of  thallium  salts,  135 

Flame  reactions,  Bunsen's,  24 

 of  antimony,  168 

 of  bismuth,  150 

 of  cadmium,  151 

 of  cobalt,  128 

 of  copper,  148 

 of  gold,  158 

 of  iron,  129 

 of  lead,  143 

 of  manganese,  123 

 of  selenium,  188 

 of  silver,  140 

 of  tellurium,  187 

 of  tin,  162 

 of  zinc,  120 

Fluorides,  properties,  204 
Fluorine,  detection  in  silicates,  205 

—  reactions,  204 

—  in  sulphuric  acid,  foot-note,  205 
Formates,  properties,  248 

—  reactions,  248 
Formic  acid,  detection,  249 

 properties,  248 

 reactions,  248 

Fraunhofer  lines,  29 

Frohde's  reagent,  on  morphine,  420 

 on  narcotine,  423 

Fulminating  gold,  158 
Fumaric  acid,  239 
Funnels,  8 
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Fusing  zone,  23 
Fusion,  14 
Fusion  mixture,  76 


Q.ALLIUM,    detection    in  analytical 
^    course,  406 
Gallium,  occurrence,  136 

—  properties,  136 

—  reactions,  187 

Gallium  cblorido,  properties  of,  137 

—  oxide,  properties  of,  136 

—  salts,  properties  of,  137 
Galls.    See  Tannic  acid 
Gauze  plate,  21 

Glasses,  coloured,  use  of,  28 
Gold,  properties,  157 

—  reactions,  153 

—  separation  from  platinum,  160 
Gold  hydrochloride,  preparation,  74 
 uses  as  reagent,  74 

 on  bromides,  216 

 on  atropine  salts,  434 

 on  Conine  salts,  417 

 on  nicotine  salts,  415 

 on  tin  chlorides,  158,  161 

Gold,  fulminating,  158 

—  oxides,  properties,  157 

—  salts,  properties,  157 

—  sulphide,  properties,  157 

Graham  and  Hofmann's  method  for  the 
detection  of  strychnine  in  beer,  451 

Grape  sugar  and  soda,  with  tellurous  acid, 
187 

Guaiacuin,  on  chromic  acid,  192 
■ —  and  copper  sulphate,  on  hydrocyanic 
acid,  221 


TIYDEATE  of  baryta,  53 

 preparation,  53 

 tests,  54 

•  uses,  54 

Hydrate  of  lime,  54.    See  also  Lime  icater 
Hydrate  of  potassa,  50 
Hydrate  of  soda,  50 

Hydriodic  acid,  detection,  225,  226,  227 

 properties,  217 

 reactions,  217 

Hydrobromic  acid,  detection,  226 

 properties,  215 

 reactions,  215 

Hydrochloric  acid,  detection,  226 

 preparation,  42 

 properties,  213 

 purification,  42 

■  reactions,  213 

 tests  of  purity,  42 

 uses  as  reagent,  42 

 on  borates,  201 

•  on  carbonates,  209 

•  on  chlorates,  233 

 on  chromates,  191 

 on  cyanide  of  mercury,  221 

 on  cyanides,  219 


Hydrochloric  acid,  on  hypochlorites,  229 

 un  hyposulphites,  193 

 on  lead  salts,  142 

 on  mercurous  salts,  140 

 on  nicotine,  415 

 on  perchlorates,  235 

 on  salicin,  436 

 on  silicates,  211 

 on  silver  salts,  139 

 on  sulphides,  223 

 on  sulphites,  193 

 on  tantalates,  109 

 on  thallium  salts,  135 

 on  vanadium  compounds,  137 

 on  veralrine,  433 

 on  tungstates,  186 

 and  ether,  on  ferrocyanides,  222 

Hydrocyanic  acid,  detection,  225 

 detection  in  poisoning  cases,  375 

 properties,  219 

 reactions,  220 

Hydroferricyanic  acid,  properties,  222 

 reactions,  222 

Hydroferrocyanic  acid,  properties,  222 

 reactions,  222 

Hydrofluoric  acid,  detection,  208 

 properties,  204 

 reactions,  204 

 on  niobic  acid,  117 

 on  silicates,  211 

 on  tantalic  acid,  116 

 on  thoria  salts,  109 

 on  yttria  salts,  111 

 on  zirconia  salts,  110 

Hydrofluosilicic  acid,  preparation,  44 

 properties,  196 

 reactions,  196 

 tests  of  purity,  45 

 uses  as  reagent,  45 

 on  borates,  202 

 on  baryta  salts,  94 

 on  lime  salts,  97 

—  • —  on  magnesia  salts,  100 

 on  strontia«alts,  96 

Hydrogen,  on  cerium  dioxide,  111 

—  on  niobic  acid,  117 

—  on  osmium  salts,  155 

—  on  rhodium  salts,  154 

Hydrogen  peroxide,  preparation,  foot-note, 
191 

 on  chromates,  191 

 ■on  tartrates,  237 

 on  vanadates,  138 

Hydrosulphuric  acid.    See  Sulphuretted 

hydrogen 
Hypochlorites,  properties,  229 

—  reactions,  229 

—  on  cerium  salts,  112 

—  on  litmus,  229 
Hypochlorous  acid,  properties,  229 

 reactions,  229 

Hypophosphites,  properties,  230 

—  reactiouH,  230 

Hypophosphorous  acid,  properties,  230 
 reactions,  230 
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Hyposulpliitea  and  sulphites,  detection  in 
presence  of  sulpliides,  194 

—  properties,  193 

—  reactions,  193 

Hyposixlphurous    acid  (hydrosulphurous 
acid),  on  titanic  acid,  115 


TGNITION,  13 

Incrustations,  25 
Indigo  solution,  preparation  of,  76 

 uses  as  reagent,  76 

 on  chlorates,  233 

 on  chlorates  and  sulphurous  acid,  233 

 on  cblorites,  230 

 ^  on  hypochlorites,  229 

 on  nitrates,  231 

 on  osmic  acid,  155 

 on  perchloric  acid,  235 

 and  sulphides,  on  nitrates,  228 

Indigo  prism,  27 

Indium,  detection  in  analytical  course,  406 

—  occurrence,  135 

—  properties,  135 

—  reactions,  136 

Indium  carbonate,  properties,  136 
Indium  oxide,  properties,  136 
Indium  salts,  properties,  136 
Indium  sulphide,  properties,  136 
Infusion  of  galls.    See  Tannic  acid 
Inorganic  compounds,  detection  of,  in  pre- 
sence of  organic  substances,  357,  360 
lodates,  properties,  194 

—  reactions,  194 

Iodic  acid,  properties,  194 

 reactions,  194 

 on  morphine,  421 

Iodide  of  starch.    See  Sitarcli  iodide 
Iodides,  insoluble,  decomposition,  219 

 properties,  217 

Iodine,  detection,  225,  226,  227 

—  as  reagent  for  alkaloids,  412 

—  properties,  217 

—  reactions,  217 

—  on  cobalt  salts,  126 

—  on  Conine,  417 

—  on  lanthanum  salts,  118 

—  on  nicotine,  415,  416 

—  on  quinine,  425 

Iridium,  detection  in  analytical  course, 
404,  408 

—  occurrence,  183 

—  properties,  183 

—  reactions,  183 

Iridiochloride  of  ammonium,  properties, 
183 

 of  potassium,  properties,  183 

Iridium  chloride,  183 

—  sulphide,  183 
Iron,  properties,  128 

—  uses  as  reagent,  55 

—  separation    from   other    members  of 

Group  4,  131 

—  on  copper  salts,  147 

—  on  sulphides  and  hydrochloric  acid,  225 


Iron  protosesquioxide  (ferrosoferric  oxide), 

properties,  129 
Iron  sesquichloride.    See  Ferric  cliiorida 
Iron  sulphate.    See  Ferrous  nu'^hale 
Iron  sulphide,  preparation,  44 

T  ACTATES,  properties,  250 
Lactic  acid,  properties,  249 

 I'eactions,  250 

Lamp,  Berzelius,  19 

—  Bun  sen,  20 

—  gas,  20 

—  improved  Bunsen,  22 

—  triple  Bunsen,  22 

—  spirit,  19 

Lanthanum,  detection  in  anal,  course,  407 

—  occurrence,  112 

—  reactions,  113 

—  oxide,  properties,  112 

—  salts,  properties,  112 
Lead,  properties,  141 

—  reactions,  142 

—  separation  from  Gr.  5,  Div.  2,  151 

—  separation  from  silver  and  mercurous 

oxide,  43 

Lead  acetate,  preparation  of  solution,  71 

 tests  of  purity,  71  , 

 uses  as  reagent,  71 

 on  benzoates,  245 

 on  chlorides,  214 

 on  chromates,  191 

 on  citrates,  239 

 on  hydi'ofluosilicic  acid,  196 

 on  hypophosphites,  230 

 on  malates,  240 

 on  phosphites,  208 

 on  tartrates,  237 

 on  salicylates,  246 

 on  succinates,  244 

 on  sulphates,  195 

 on  sulphides,  224 

 on  tungstates  of  alkalies,  186 

 on  vanadates,  138 

Lead  peroxide  on  cerium  salts,  112 
— •  —  on  chlorides,  214 

 on  chromium  salts,  106 

Lead  benzoate,  properties,  245 

Lead  jieroxide,  on  manganese  salts,  122 

Lead  carbonate,  properties,  142 

Lead  chloride,  properties,  142 

Lead  chromate,  properties,  143,  191 

Lead  citrate,  properties,  239 

Lead  formate,  properties,  249 

Lead  malate,  properties,  240 

Lead  nitrate,  on  chloride  lime,  229 

Lead  oxide,  on  acetic  acid,  248 

 on  formic  acid,  249 

Lead  oxides,  properties,  141 
Lead  salicylate,  properties,  246 
Lead  salts,  properties,  141 
Lead  succinate,  properties,  244 
Lead  sulphate,  properties,  142 
Lead  sulphide,  properties,  142 
Lead  tartrate  properties,  237 
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Liebig's  condenser,  12 

Lime,  preparation  of  hydrate,  54 

—  properties,  97 

—  reactions,  97 

—  separationfrom  other  alkaline  earths,  102 

—  uses  as  reagent,  54 

—  on  ammonia  salts,  88 

—  on  magnesia  salts,  99 
Lime  water,  54 

 tests,  54 

 preparation  of  pure,  54 

 uses  as  reagent,  54 

 on  carbonic  acid,  210 

 on  citrates,  238 

 on  malates,  240 

 on  oxalates,  203 

 on  racemates,  242 

 on  tartrates,  237 

Lime  carbonate,  properties,  97 
Lime  citrate,  properties,  238 
Lime,  chloride  of,  properties,  215 
Lime  lactate,  preparation,  250 

 properties,  250 

Lime  malate,  properties,  240 

Lime  oxalate,  properties,  97 

Lime  phosphate,  properties,  198 

Lime  racemate,  properties,  242 

Lime  salts,  properties,  97 

Lime  succinate,  properties,  244 

Lime  sulphate,  preparation  of  solution,  67 

 properties,  97 

 uses  as  reagent,  67 

 on  baryta  salts,  94 

 on  oxalates,  203 

 on  phosphates,  198 

 on  racemates,  243 

 on  strontia  salts,  96 

 on  tartrates,  237 

Lime  tartrate,  properties,  236 

Lithia,  detection  in  analytical  course,  408 

—  rubidia,  and  ctesia,  detection  in  presence 

of  much  potassa  and  soda,  92 

—  distribution,  91 

—  properties,  92 

—  reactions,  92 

Lithia  phosphate,  properties,  92 
Lithia  salts,  properties,  92 
Litmus  and  chlorous  acid,  230 

—  and  hypochlorites,  229 
Litmus-paper,  blue,  preparation,  74 

 blue,  uses  as  reagent,  75 

 rationale  of  action,  75 

 red,  preparation,  75 

 red,  uses  as  reagent,  75 

Logwood  decoction,  on  chromates,  192 
Luteocobaltic  chloride,  on  pyrophosphates, 
200 

IVTAGNESIA,  properties,  98 
-L'^    —  reactions,  99 

—  separation  from  other  alkaline  earths, 

101 

—  on  malic  acid,  240 

Magnesia  and  ammonia  arsenate,  proper- 
ties 178 


Magnesia  and  ammonia  phosphate,  pro- 
perties, 100 
Magnesia  carbonate,  properties,  99 
Magnesia  hydrate,  98 
Magnesia  malate,  properties,  240 
Magnesia  oxalate,  properties,  100 
Magnesia  phosphate,  properties,  100,  198 
Magnesia  pyrophosphate,  properties,  200 
Magnesia  salts,  properties,  99 
Magnesia  sulphate,  preparation  of  solution, 
69 

 purification,  69 

 tests  of  purity,  69 

 uses  as  reagent,  69 

 on  metaphosphates,  201 

 on  phosphates,  198 

 on  pyrophosphates,  200 

Magnesia  sulphate,  ammonium  chloride, 
and  ammonia,  on  arsenates,  178 

 on  metaphosphatep,  201 

 on  phosphates,  198 

 on  phosphites,  208 

Magnesium,  properties,  98 

—  on  antimony  salts,  108 

—  on  phosphates,  200 

Magnesium  chloride,  ammonium  chloride, 
and  ammonia,  on  selenious  acid,  188 
Malates,  properties,  240 

—  reactions,  240 
Maleic  acid,  239 

Malic  acid,  detection,  241 

 j)roperties,  239 

 reactions,  240 

Manganese,  jjroperties,  121 

—  reactions,  121 

—  separation   from    other    members  of 

Gr.  4,  131 
Manganese  binoxide,  on  bromides,  216 

 on  chlorides,  214 

 on  iodides,  219 

 on  oxalates,  204 

Manganese  ferricyanide,  properties,  122 
Manganese  ferrocyanide,  properties,  122 
Manganese  oxides,  properties,  121 
Manganese  salts,  properties,  121 

 on  chloride  of  lime,  229 

Manganese  sulphide,  properties,  121 
Marsh's  test  for  arsenic,  171-3 
Mercuraramonium  chloride,  144 
Mercuric  chloride,  preparation  of  solution, 

72 

 uses  as  reagent,  72 

 on  acetates,  248 

 on  brucine  salts,  432 

 on  Conine  salts,  417 

 on  formates,  249 

 on  hypophosphites,  230 

 on  nicotine  salts,  415 

 on  phosphites,  208 

■  on  stryclinine  salts,  428 

 on  sulphites,  193 

Mercuric  chloride  and  stannous  chloride, 
145,  161 

Mercuric  cyanide,  on  palladium  salts,  153 
 detection  of  cyanogen  in,  221 
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Mercuric  oxide,  properties,  144 
 reactions,  144 

 reparation  from  other  members  of 

Gr.  5,  Div.  2,  151 
Mercuric  salts,  properties,  143 
Mercuric  sulphide,  properties,  144 
Mercurous  acetate,  properties,  248 
Mercurous  chloride,  properties,  140 
Mercurous  formate,  properties,  249 
Mercurous  nitrate,  preparation,  71 

 tests  of  purity,  71 

 uses  as  reagent,  72 

 on  acetates,  247 

 on  brucine  salts,  431 

 oa  chlorides,  214 

 on  formates,  248 

 on  phosphites,  208 

 on  tungstates,  186 

Mercurous  oxide,  properties,  140 
 reactions,  141 

 separation  from  silver  and  lead,  143 

Mercurous  salts,  properties,  140 
Mercuiy,  properties,  140 

—  precipitatiou  by  copper,  141 

 by  galvanism,  145 

Mercury,  on  hypochlorous  acid,  229 
Mei-cury  and  potassium  iodide,  as  reagent 

for  alkaloids,  412 
Metallic  oxides,  groups,  84 
Metaphosphates,  properties,  200 

—  reactions,  201 
Mstaphosphoric  acid,  197,  200 
Metarsenic  acid,  17(5 
Metastannic  acid,  properties,  162 
Metastannic  chloride,  properties,  162 
Metatungstates,  186 
Microcosmic  bead,  testing  with,  82 
 with  cerium  salts,  112 

 with  chromates,  192 

 with  chromium  salts,  106 

 with  cobalt  salts,  128 

 with  didymium  oxide,  113 

 with  irou  salts,  129 

 with  manganese  salts,  123 

 with  nickel  salts,  125 

 with  niobic  acid,  118 

 with  silicates,  212 

—  '■ —  with  tautalic  acid,  117 

 with  titanic  acid,  116 

 with  tungstic  acid,  187 

 with  ui'anium  salts,  134 

 with  yttria.  111 

 and  copper  oxide,  with  bromides, 

216 

 and  copper  oxide,  with  chlorides,  214 

 and  copper  oxide,  with  iodides,  219 

Microcosmic  salt,  as  blowpipe  test  for  fluor- 
ine, 206 

 effects  of  heat  on,  82 

 preparation,  81 

 tests  of  purity,  81 

 uses  as  flux,  82 

Mineral  water  analysis,  343 
Minium,  ]41 

Mixed  substances,  analysis  of,  201 


Mixed  substances,  dissolution  of,  268 

Mixture,  3  i    •  > 

Molybdenum,    detection    in  analytical 
course,  404,  408 

—  occurrence,  184 

—  properties,  184 

—  reactions,  184 

Molybdenum  oxides,  properties,  184 
Molybdenum  sulpbide,_properties,  184 
Molvbdic  acid,  properties,  184,  185 
 '—  with  morphine  salts,  419 

Monacite,  111  .      ,.n  a  i.-, 

Moi-phine,  or  morphia,  detection,  440,  442, 
446,  448,  450 

—  properties,  418 

—  reactions,  418 
Morphine  salts,  properties,  418 
Mother  liquors,  5 

-lyrAECOTINE,  detection,  427,  441,  443 
^     —  properties,  422 

—  reactions,  422 
Narcotine  salts,  properties,  422 
Nessler's  solution,  preparation,  foot-note, 

90 

Neutralization,  4 
Nickel,  properties,  123 

—  reactions,  123 

—  separation    from    other   members  of 

Gr.  4,  132 
Nickel  ferricyanide,  properties,  124 
Nickel  ferrocyanide,  properties,  124 
Nickel  oxide,  properties,  123 
Nickel  and  potassium  cyanide,  properties, 

124 

Nickel  salts,  properties,  123 
Nickel  sesquioxide,  properties,  123 
Nickel  sulphide,  properties,  123 
Nicotine,  detection,  417,  447 

—  properties,  414 

—  reactions,  415 

Nicotine  salts,  properties,  414 
Niobic  acid,  detection  in  analytical  course, 
402,  406,  408 

 occurrence,  117 

 properties,  117 

 reactions,  117 

Niobium  oxyfluoride  and  potassium  fluor- 
ide, properties,  117 
Nitrates,  properties,  230 

—  reactions,  231 

Nitric  acid,  detection,  234 

 detection  of  free,  234 

 properties,  230 

 purification,  40 

 reactions,  231 

 tests  of  purity,  40 

 uses  as  reagent,  40 

 on  atropine,  4  35 

 on  bromideo,  215 

 on  brucine,  4r,l 

 on  iodides,  217 

 on  morphine,  4 19 

 on  nicotine,  415 


472 


INDEX. 


Nitric  acid,  on  osmium,  154 

—  —  on  perchloratoH,  235 

 on  quinine,  425 

 on  strychnine,  430 

—  —  on  thallious  salts,  135 
Nitrites,  properties,  228 

—  reactions,  228 

Nitroiiydrochloric  acid,  nature,  44 

 preparation,  44 

 uses  as  reagent,  44 

Nitrosyl  chloride,  44 
Nitrous  acid,  properties,  228 

 reactions,  228 

 on  bromides,  215 

 on  iodides,  218 

Notes  to  analytical  course,  392  ,  400 

AETHITE,  111 

^    Osmic  acid,  properties,  154,  155 
Osmiochloride  of  potassium,  155 
Osmium,  detection  in  analytical  course 
404,  405,  408 

—  occurrence,  154 

—  properties,  154 

—  reactions,  155 

Osmium  chlorides,  properties,  154 
Osmium  compounds,  properties,  154 
Osmium  oxides,  properties,  154 
Osmium  salts,  properties,  154 
Oxalates,  properties,  203 

—  reactions,  203 

Oxalic  acid,  detection,  207,  241 

 properties,  203 

 purification,  56 

 reactions,  203 

 on  alumina  salts,  105 

 on  beryllia  salts,  108 

 •  on  cerium  salts,  112 

 on  chromic  acid,  191 

 on  didymiura  salts,  113 

 on  iodic  acid,  194 

 on  iridium  salts,  184 

 on  lanthanum  salts,  113 

 on  thoria  salts,  ]  09 

 on  yttria  salts.  111 

 on  zirconia  salts,  110 

Oxychloride  of  chromium,  properties,  216 
Oxidizing  iiame,  17,  23 

—  zone,  23 

pALLADITTJM.  detection  in  analytical 
course,  405 

—  occurrence,  153 

—  properties,  153 

—  reactions,  153 

Palladium  and  ammonium  chloride,  pro- 
perties, 153 

Palladiochloride  of  ammonium,  proper- 
ties, 153 

 of  potassium,  153 

 of  sodium,  preparation,  74 

 uses  as  reagent,  74 

Palladium  chloride,  on  bromides,  215 


Palladium  chloride,  on  iodides,  217 
Palladium  cyanide,  properties.  153 
Pal  lad  ium  iodide,  properties,  217 
Palladium  nitrate,  on  bromides,  215 

 on  iodides,  217 

Palladium  oxides,  properties,  153 
Palladium  and  potassium  chloride,  pro- 
perties, 153 
Palladium  salts,  properties,  153 
Palladium  sulphide,  properiies,  153 
Paramidodimetbylaniline  sulphate,  on  sul- 
phides, 224 
Paratoluidine,  as  a  test  for  chlorates,  234 

 for  nitrates,  232 

Perchlorates,  properties,  235 

—  reactions,  235 
Perchloric  acid,  properties,  235 

 reactions,  235 

Permanganate  prism,  27 
Perruthenic  acid,  156 

Phenol,  as  a  test  for  chloric  acid,  234 

 for  nitric  acid,  232 

Phosphantimonic   acid,    as   reageit  for 

alkaloids,  413 

 preparation, /ooi-?ioie,  413 

Phosphate  of  soda  and  ammonia.  See 

Microcosmic  salts 
Phosphates,  insoluble,  decomposition,  290 

—  properties,  198 

—  reactions,  198 

Phosphomolybdic  acid,   as  reagent  fjr 
alkaloids,  413 

 preparation,  foot-note,  413 

Phosphoric  acid,  detection,  207 

 properties,  190 

 reactions,  198 

 separation  from  alkaline  earths,  19^ 

 on  tungstates,  186 

Phosphorous  acid,  properties,  208 
— •  —  reactions,  208 

Phosphorus,  detection  in  poisoning  cases, 
379 

—  properties,  196 

—  on  iodates,  194 

Phosphotungstic  acid,  as  reagent  for  alka- 
loids, 414 

Picric  acid,  as  reagent  for  alkaloid?,  414 

 on  atropine,  435 

 on  conine,  417 

 on  cvanides,  221 

 on  nicotine,  410 

 on  morphine,  42 1 

 on  picrotoxin,  439 

Picrotoxin,  detection,  441,  442,  448 

—  properties,  438 

—  reactions,  438 

Platinochloride  of  ammonium,  88,  150 

—  of  potassium,  85,  159 
 solubility,  85 

—  of  sodium,  88 
Platinum  black,  158 

—  crucibles,  size,  31 

—  crucibles,  rules  for  using,  14 

—  foil,  18  _ 

—  properties,  158 
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Platinum,  reactions,  159 

—  separation  from  gold,  160 

—  sponge,  158 

—  triangle,  20 

—  wire,  18 

Platinum  hydrochloride,  as  resigent  for 
alkaloids,  412 

 preparation,  73 

 tests  of  purity,  73 

 uses  as  reagent,  73 

 on  ammonia  salts,  88 

 on  c£esia  salts,  91 

 on  Conine  salts,  417 

 on  lithia  salts,  92 

 on  nicotine  salts,  415 

 on  potassa  salts,  85 

 on  potassium  iodide,  8'J 

 on  rubidia  salts,  91 

 on  soda  salts,  88 

 on  thalHum  salts,  135 

Platinum  oxides,  properties,  158 
Platinum  salts,  properties,  159 
Platinum  sulphide,  properties,  159 
Poisons,  detection  of  inorganic,  3G0 

—  detection  of  organic,  439 
Potable  water  analysis,  338 
Potassa,  50 

—  preparation  by  baryta,  52 

—  properties,  85 

—  purification  by  alcohol,  51 

—  reactions,  85 

—  separation  from  other  alkalies,  89 

—  tests  of  purity,  51 

—  tests  for,  85 

—  uses  as  reagent,  52 

—  on  alumina  salts,  104 

—  -  on  ammonia  salts,  88 

—  on  antimony  salts,  IGG 

—  on  atropine  salts,  434 

—  on  baryta  salts,  94 

—  on  beryllia  salts,  108 

—  on  bismuth  salts,  149 

—  on  bromine,  215 

—  on  brucine  salts,  430 

—  on  cadmium  salts,  150 

—  on  cerium  salts,  111 

—  on  chromium  salts,  105 

—  on  cinchonine  sales,  426 

—  on  cobalt  salts,  120 

—  on  Conine  salts,  417 

—  on  copper  salts,  146 

—  on  didymium  salts,  113 

—  on  ferric  salts,  130 

—  on  ferrous  salts,  129 

—  on  gallium  salts,  137 

—  on  indium  salts,  136 

—  on  iridium  salts,  183 

—  on  lanthanum  salts,  113 

—  on  lead  salts,  142 

—  on  lime  salts,  97 

—  on  magnesia  salts,  98 

—  on  manganese  salts,  121 

—  on  mercuric  salts,  144 

—  on  mercurouH  salts,  140 

—  on  molybdic  acid,  185 


Potassa,  on  morphine  salts,  418 

—  on  narcotine  salts,  422 

—  on  nickel  salts,  124 

—  on  niobic  acid,  117 

—  on  osmic  acid,  155 

—  on  palladium  salts,  153 

—  on  picrotoxin,  439 

—  on  quinine  salts,  424 

—  on  rhodium  salts,  154 

—  on  ruthenium  salts,  155 

—  on  silver  salts,  139 

—  on  stannic  compounds,  163 

—  on  stannous  salts,  161 

—  on  strontia  salts,  95 

—  on  strychnine  salts,  428 

—  on  tautalic  acid,  116 

—  on  tellurous  acid,  187 

—  on  thallic  salts,  135 

—  on  thallious  salts,  135 

—  on  thoria  salts,  109 

—  on  titanic  acid,  115 

—  on  uranium  salts,  134 

—  on  vanadium  compounds,  137 

—  on  veratrine  salts,  433 

—  on  yttria  salts;  110 

—  on  zinc  salts,  119 

—  on  zirconia  salts,  110 

Potassa  acid  sulphate.   See  Potassa  hisul- 
phate 

Potassa  alum,  solubility,  91 
Potassa  bicarbonate,  on  niobate  of  potassa, 
118 

 on  uranium  salts,  134 

Potassa  bisulphate,  preparation,  79 

 tests  of  purity,  79 

 uses  as  flux,  79 

 with  iridium,  183 

 with  niobic  acid,  117 

—  —  with  rhodium,  154 

 with  tantalic  acid,  116 

 with  titanic  acid,  115 

—  —  with  tungstic  acid,  186 

 and  calcium  fluoride,  on  borates,  202 

Potassa  bitartrate,  properties,  85 
 solubility,  91 

Potassa  carbonate,  on  stannic  compounds, 
163 

Potassa  carbonate.     See  also  Soda  car- 
bonate 

Potassa  chlorate  and  soda  carbonate,  as 

blowpipe  test  for  chromium,  106 
Potassa  chromate,  on  baryta  salts,  95 

 on  bromides,  216 

 on  chlorides,  214 

 on  indium  salts,  136 

 on  iodides,  219 

—  —  on  lead  salts,  142 

 on  lime  salts,  98 

 on  magnesia  salts,  100 

 on  strontia  salts,  96 

Potassa  dichromate,  preparation  of  solu- 
tion, 62 

 purilication,  62 

 tests  of  purity,  62 

 uses  as  reagent,  62 
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Potassa  dichi'omatc,  on  bavyta  si\lts,  95 

 on  bismuth  salts,  14'J 

 on  bromides,  21G 

 on  chlorides,  214 

 on  iodides,  219 

 on  lead  salts,  142 

 on  lime  salts,  98 

 on  strontia  salts,  96 

 on  tartaric  acid,  287 

Potassa,  hydrate  of,  85 

Potassa  metantimonate,  preparation,  02 

 preparation  of  solution,  02 

 tests  of  purity,  62 

 uses  as  reagent,  62 

 on  soda  salts,  87 

Potassa  nitrate,  on  cyanides,  222 
Potassa  nitrite,  preparation,  01 

 preparation  of  solution,  61 

 tests  of  purity,  61 

— ■  —  uses  as  roat;ent,  61 

 on  bromides,  215 

 on  cobalt  salts,  127 

 on  gold  salts,  158 

 on  iridium  salts,  183 

 on  iodides,  196 

 on  nickel  salts,  125 

 on  palladium  salts,  153 

—  ■ —  on  rhodium  salts,  154 

 on  ruthenium  salts,  156 

 on  osraic  acid,  155 

Potassa  osmite,  155 

Potassa  permanganate,  on  chloride  of  lime, 
229 

 on  chlorites,  230 

 on  iodides,  227 

 on  nitrites,  229 

 on  sulphites,  193 

Potassa  picrocyamate,  formation,  221 
Potassa  salts,  properties,  85 

 on  hydrofluosilicic  acid,  190 

 on  perchloric  acid,  235 

 on  racemates,  243 

—  —  on  tartrates,  236 

Potassa  and  soda  carbonate  (fusion  mix- 
ture), 76 

 tests  of  purity,  77 

 uses  as  flux,  77 

 fusion  -with  insoluble  bromides,  215 

 fusion  with  insoluble  chlorides,  214 

 fusion  with  insoluble  iodides,  219 

,  .  fusion  with  insoluble  silicates,  211 

 fusion  with  insoluble  sulphates,  195 

Potassa  sulphate,  preparation  of  solution ,  58 

 uses  as  reagent,  58 

 . —  on  alumina  salts,  105 

 on  cetium  salts,  112 

 on  didymium  salts,  113 

 .  .on  lanthanum  salts,  113 

 on  lime  salts,  97 

 on  thoria  salts,  109 

 on  yttria  salts,  111 

—  — .  on  zirconia  salts,  110 
Potassa  sulphite,  on  iridium  salts,  184 

 on  tellurous  acid,  187 

Potassa  tantalate,  properties,  116 


Potassium  bismuth  iodide,  as  a  reagent  for 

alkaloids,  413 
Potassa  cadmium  iodide,  as  a  reagent  for 

alkaloids,  412 
Potassium  acid  fluoride,  with  beryllia  salts, 

108 

 with  titanic  acid,  115 

Potassium  chloride,  on  iridium  salts,  183 

 on  palladium  salts,  153 

 on  platinum  salts,  159 

Potassium  cobalticyanide,  formation,  127 
Potassium  cyanide,  preparation,  64 

 preparation  of  solution,  (;4 

 tests  of  purity,  64 

 uses  as  reagent,  04 

 uses  as  dry  reducing  agent,  80 

 on  chlorates,  233 

—  —  on  cobalt  salts,  127 

 on  nickel  salts,  124 

 on  nitrates,  231 

 on  tin  salts,  164 

—  ■ — •  on  tellurium  compounds,  187 

 on  selenium  compounds,  188 

 and  cobalt  solution,  on  nitrites,  127, 

228 

 and  soda  carbonate,  as  dry  reducing 

agent,  77 

 and  soda  carbonate,  as   test  for 

antimony,  168 
 and  soda  carbonate,   as  test  for 

arsenic,  174 
 and  soda  carbonate,  as  test  for  tin, 

162 

Potassium  ferricyanide,  preparation,  65 

 preparation  of  solution,  65 

 tests  of  purity,  65 

 uses  as  reagent,  65 

 on  cobalt  salts,  127 

 on  ferric  salts,  130 

 on  ferrous  salts,  129 

 on  indium  salts,  136 

 on  manganese  salts,  122 

 on  nickel  salts,  124 

 on  zinc  salts,  122 

 and  tartaric  acid,  on  cobalt  salts, 

127 

Potassium   ferrocyanide,    preparation  of 
solution,  65 

 uses  as  reagent,  65 

 on  cobalt  salts,  127 

 on  copper  salts,  147 

 on  cinchonine  salts,  426 

 on  ferric  salts,  130 

 on  ferrous  salts,  129 

—  —  on  galliuifr  salts,  137 

 on  indium  salts,  130 

 on  manganese  salts,  122 

 on  molybdates,  184 

 oil  nickel  salts,  124 

 on  quinine  salts,  420 

 on  tantalic  acid,  117 

 on  titanic  acid,  115 

 on  tungstates,  180 

 on  uranium  salts,  134 

 on  vanadic  acid,  138 
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Potftssium  feiTocyanide,  on  zinc  salts,  120 
Potassium  fluoviile,  on  beryilia,  108 

 on  titanic  iiciil,  114 

Potassinm  iodide,  on  antimonic  acid,  164, 
182 

 on  osmic  acid,  155 

 on  palladium  salts,  153 

 on  platinum  salts,  159 

 on  thallium  salts,  135 

Potassium  mercury  iodide,  as  a  reagent  for 

alkaloids,  412 
Potassium  platinocliloride,  properties,  85 
 solubility,  91 

Potassium  sulphocarbonate,  preparation, 

foot-note,  125 

 on  cobalt  salts,  127 

 on  nickel  salts,  125 

Potassium  sulphocyanate,  preparation,  GO 

 preparation  of  solution,  GG 

 tests  of  purity,  66 

 uses  as  reagent,  66 

 ou  brucine  salts,  432 

 on  cadmium  salts,  151 

 on  copper  salts,  147 

 on  ferric  salts,  130 

 on  ferrous  salts,  129 

 -on  indium  salts,  136 

 on  molybdic  acid,  185 

 on  nitrites,  229 

 on  palladium  salts,  153 

 on  ruthenium  salts,  156 

 on  strychnine  salts,  428 

 on  veratrine  salts,  433 

 and  sulphurous  acid,  on  cadmium 

salts,  151 

 and  sulphurous  acid,  on  copper  salts, 

147 

 and  sulphurous  acid,  on  palladium 

salts,  153 

Potassium   sulphocyanate   and  zinc,  on 

molybdic  acid,  185 
Potassium  thiocyanate.    See  Potassium 

sulphocyanate 
Precipitants,  6 
Precipitation,  6 
Preliminary  examination,  257  ' 
Prism,  indigo,  27 
—  permanganate,  27 
Propionic  acid,  detection,  251 

 properties,  250 

 reactions,  251 

Prussian-blue,  properties,  130 
Purple  of  casaius,  158 
Pyroarsenic  acid,  176 
Pyrogallic  acid,  on  nitrites,  228 
Pyrophosphates,  197,  200 
Pyrophosphoric  acid,  properties,  197,  200 
 reactions,  200 


QUALITATIVE  analysis,  principles  of,  1 
Quinine,  detection,  427,  441,  444 

—  properties,  424 

—  reactions,  424 

Quinine  salts,  properties,  4'24 


RACEMATES,  properties,  242 
—  reactions,  242 
Racemic  acid,  properties,  242 

 reactions,  242 

Eoactions  of  metallic  oxides,  83 

—  of  inorganic  acids,  190 

—  of  organic  acids,  235 
Reagents,  32 
J^eceiver,  12 
Reducing  agent,  dry,  80 
Reducing  flame,  17,  23 

—  zone,  23 
Reduction,  24 

Reinsch's  test;  for  arsenic,  171 
Rhodium,  detection  in  analytical  course, 
405,  408 

—  occurrence,  153 

—  properties,  153 

—  reactions,  154 
Rhodium  chloride,  154 
Rhodium  oxides,  properties,  154 
Rosolic  acid,  as  a  test  fur  free  carbonic  acid, 

210 

Rubidia,  detection  in  analytical  course, 
408 

—  CEesia,  and  lithia,  detection,  in  presence 

of  much  potassa  or  soda,  92 

—  and  CEBsia,  differences  from  potassa,  91 

—  distribution,  91 
— -  reactions,  91 

Rubidia  alum,  solubility,  91 
Rubidia  bitartrate,  solubility,  91 
Rubidia  carbonate,  solubility  in  alcohol, 
91 

Rubidium  and  platinum  chloride,  solubility, 
91 

Ruthenium,  detection  in  analytical  course, 
405,  408 

—  occurrence,  155 

—  properties,  155 

—  reactions,  155 
Ruthenium  oxides,  155,  156 

—  sulphide,  155 


OALICIN,  detection,  441,  444 
^    —  pi'operties,  436 

—  reactions,  436 
Salicylates,  properties,  245 

—  reactions,  246 

Salicylic  acid,  properties,  245 
 detection,  246 

—  ■ —  reactions,  246 
Salts,  57 

—  of  the  alkalies,  57 
Samarsldte,  117 

Seleniuretted  hydrogen,  formation,  188 
Selenic  acid,  188 
Selenic  acid,  properties,  188 
Selenious  acid,  properties,  188 
Selcnites,  properties,  188 
Selenium,  detection  in  analytical  course 
404 

—  occurrence,  187 

—  properties,  187 
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Seloiiliim,  rcnctions,  188 
Silicatos,  analysis,  332 

—  insoluble,  decomposition,  211 

—  properties,  210 
Silicic  acid,  detection,  212 
 properties,  210 

—  _ —  reactions,  211 
Silicofluorides,  properties,  196 
yilver,  properties,  139 

—  reactions,  139 

—  separation  from  lead  and  mercury  sub- 

oxiiie,  143 
Silver  acetate,  properties,  247 
Silver  arsenate,  properties,  177 
Silver  arsenite,  properties,  170 
Silver  borate,  properties,  201 
Silver  bromide,  pi-operties,  215 
Silver  chloride,  properties,  213 
Silver  chlorite,  properties,  230 
Silver  cbromato,  properties,  191 
Silver  citrate,  properties,  239 
Silver  cyanide,  properties,  220 
Silver  ferricyanide,  properties,  222 
Silver  f'errocyanide,  properties,  222 
Silver  formate,  properties,  248 
Silver  hypopbosphite,  properties,  230 
Silver  hyposulpbite,  properties,  193 
Silver  iodate,  properties,  194 
Silver  iodide,  properties,  217 
Silver  malate,  properties,  240 
Silver  nitrate,  preparation  of  solution,  70 

 tests  of  purity,  70 

 uses,  7 0 

 on  acetates,  247 

 on  antimony  compounds,  166 

 on  arsenates,  177 

 on  arsenites,  170 

 on  borates,  201 

 on  bromides,  215 

 on  chlorides,  213 

 on  chloride  of  lime,  229 

 on  cblorites,  230 

—  —  on  chromates,  191 

 on  citrates,  239 

 on  cyanides,  220 

 on  ferricyanid"S,  222 

 on  i'errocyanides,  222 

 on  formates,  248 

 on  hypochlorites,  229 

 on  hypophospliites,  230 

 on  hyposulphites,  193 

—  on  iodates,  194 

 on  iodides,  217 

 on  malates,  240 

 on  metaphosphates,  201 

 on  nitrites,  228 

 on  oxalates,  203 

 on  perchlorates,  235 

 on  phosphates,  198 

 on  phosphites,  208 

 on  pyrophosphates,  20O 

 on  salicin,  437 

 on  sulphides,  224 

 on  sulphites,  193 

 on  tartrates,  237 


Silver  nitrate,  on  tungstatoF,  180 

 on  vanadates,  138 

Silver  nitrite,  properties,  228 
Silver  oxalate,  properties,  203 
Silver  oxide,  properties,  139 
Silver  phosphate,  properties,  198 
Silver  pyrophosphate,  properties,  200 
Silver  salts,  properties,  139 
Silver  sulphide,  properties,  139 
Silver  tartrate,  properties,  237 
Sinter  deposit  from  mineral  waters,  analy- 
sis of,  349 
Soda,  50 

—  filtration  of  solution,  51 

—  preparation  of  solution,  51 

—  preservation  of  solution,  51 

—  properties,  87 

—  reactions,  87 

—  separation  from  other  alkalies,  89 

—  solution  of,  51 

—  uses  as  reagent,  52 

—  on  niobate  of  potassa,  118 

—  on  tantalate  of  soda,  117 

—  its  action  as  a  precipitant.  See  Potassa 

—  I'usion  with  niobic  acid,  118 

—  fusion  with  tautolic  acid,  116 
Soda  acetate,  preparation,  59 

 preparation  of  solution,  59 

 tests  of  purity,  59 

 uses  as  reagent,  59 

 on  indium  sails,  136 

Soda  and  ammonia  phosphate.  See  3Iicro- 
cosnic  salt 

—  —  bead.    See  Microcosmic  head 
Soda  biborate.    See  Borax 

— •  —  bead.    See  Borax  head 

Soda  bicarbonate,  on  atropine  salts,  434 

 on  brucine  salts,  431 

 on  cinchonine  salts,  426 

 on  morphine  salts,  419 

 on  narcotine  salts,  422 

 on  quinine  salts,  424 

 on  strychnine  salts,  428 

 on  uranium  salts,  134 

 on  veratrine  salts,  433 

Soda  bisulphite,  prepaiation,  61 

 tests  of  purity,  61 

 uses  as  reagent,  61 

Soda  hi  tartrate,  preparation,  41 

—  —  preparation  of  solution,  41 

 uses  as  reagent,  41 

 on  ammonia  salts,  89 

 on  potassa  salts,  86 

—  —  on  soda  salts,  88 

Soda  carbonate,  preparation  of  solution,  60 
 purification,  59 

—  • —  tests  of  purity,  60 

—  - —  uses  as  reagent,  60 

 uses  as  flux,  79 

 on  alumina  salts,  104 

 on  antimony  salts,  166 

 on  atropine  salts,  434 

 ■  on  baryta  salts,  94 

 on  beryllia  salts,  108 

 on  bismuth  salts,  149 


INDEX. 


477 


Soda  carbonate,  on  brucine  salts,  430 

 on  cadmium  salts,  151 

 on  chromium  sails,  10(3 

 on  cinchonine  salts,  42(3 

 on  copper  salts,  147 

 on  didymium  salts,  113 

 on  gallium  salts,  137 

 on  indium  salts,  13(3 

 on  lead  salts,  142 

 on  lime  salts,  97 

 on  manganese  salts,  122 

 on  magnesia  salts,  99 

 on  morphine  salts,  419 

 on  narcotine  salts,  422 

 on  quinine  salts,  424 

 on  stannic  compounds,  1G3 

 on  stannous  salts,  161 

 on  strontia  salts,  96 

 on  strychnine  salts,  428 

 on  tantakite  of  soda,  117 

 on  tellurous  acid,  187 

 on  thallium  salts,  135 

—  —  on  thoria  salts,  109 

• — •  —  on  veratrine  salts,  433 

 on  yttria  salts,  110 

 on  zino  salts,  120 

—  —  on  zirconia  salts,  110 

 fusion  with   insoluble  chromates, 

192 

 fusion  •with  insoluble  sulphates,  195 

 fusion  with  mercury  salts,  141,  145 

 fusion  with  niobic  acid,  118 

 fusion  with  titanic  acid,  116 

 See  Fotassa  and  soda  carbonate 

Soda  carbonate  bead,  with  didymium  salts, 
113 

 with  iridium  salts,  184 

 with  manganese  salts,  122 

 with  molybdic  acid,  185 

 with  palladium  salts,  153 

 with  rhodium  salts,  154 

 with  silicates,  212 

Soda  carbonate  on  charcoal,  as  blowpipe 
test,  79 

 for  arsenic,  176 

 for  bismuth,  149 

 for  cadmium,  151 

 for  copper,  148 

 for  lead,  143 

 for  silver,  140 

■  for  sulphates,  195 

 for  tungsten,  186 

 for  zinc,  120 

Soda  carbonate  and  potassium  cyanide,  as 
dry  reducing  agent,  80 

 as  test  for  antimony,  168 

 as  test  for  arsenic,  174 

 as  lest  for  tin,  162 

Soda  formate,  on  palladium  salts,  153 
Soda  hypochlorite,  on  cobalt  salts,  126 

 on  manganese  salts,  122 

 on  nickel  salts,  124 

Soda  hyposulphite,  on  antimony  salts,  166 

 on  cerium  salts,  112 

 on  didymium  salts,  113 


Soda  hyposulphite,  on  ruthenium  salts, 
156 

 on  thoria  salts,  109 

 on  titanic  acid,  115 

 on  yttria  salts.  111 

 on  zirconia  salts,  110 

 as   blowpipe  test   for  cyanogen, 

220 

Soda  metantimonate,  properties,  87 
Soda  nitrate,  preparation,  78 

 tests  of  purity,  78 

 uses  as  dry  reagent,  78 

 and  soda  carbonate,  as  test  for  chro- 
mium, 106 
Soda  nitrite,  61 

Soda,  phosphate  of,  and  ammonia.  See 

Microcosmic  salt 
Soda  phosphate,  preparation  of  solution, 

58 

 purification,  58 

 tests  of  purity,  58 

 uses  as  reagent,  58 

 on  alumina  salts,  105 

 on  baryta  salts,  94 

—  —  on  indium  salts,  136 
 on  lime  salts,  97 

—  —  on  lithia  salts,  92 

—  —  on  magnesia  salts,  100 

 on  strontia  salts,  95 

 on  titanic  acid,  115 

 ammonium  chloride,  and  ammonia,  on 

magnesia  salts,  100 

Soda  tartrate  acid.    See  iSoda  hitartrate 

Soda  and  potassa  carbonate  (fusion  mix- 
ture), 76 

Soda  salts,  properties,  87 

Soda  sulphate,  on  lime  salts,  97 

 on  stannic  compounds,  164 

Soda  sulphite,  on  osmic  acid,  141 

 on  tellurous  acid,  187 

Soda  tantalate,  properties,  116 

Sodium,  on  phosphates,  200 

Sodium  nitroprusside,  on  sulphides,  224 

 on  sulpiiites,  193 

Sodium  palladiochloride,  74 

Sodium  platinochloride,  properties,  88 

Sodium  sulphide,  preparation,  57 

 preparation  of  yellow,  57 

 uses  as  reagent,  57 

Sodium  telluride,  187 

Soils,  analysis,  352 

Solubility  table,  456 

Solution,  3.    See  also  Dissolution 

Solvents,  chemical,  3 

—  simple,  3,  35 

Sonnenschein's  method  for  the  detection 
of  alkaloids,  &c.,  450 

Spectra  absorption,  30 

Spectra  of  coloured  (lames,  method  of  ob- 
taining, 30 

Spectroscope,  28 

—  Kirclihoff  and  Bunsen's,  28 
Spectrum-analysis,  26 
Spectrum  of  baryta  salts,  95 

—  of  borates,  202 
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Spectrum  of  csesia  salts,  91 

—  ol'didyniiuni  salts,  113 

—  of  gallium  salts,  137 

—  of  indium  salts,  136 

—  of  lime  saltd,  98 

—  of  lithia  salts,  92 

—  of  potassa  salts,  8(3 

—  of  rubidia  salts,  91 

—  of  soda  salts,  87 

• —  of  strontia  salts,  97 

—  of  thallium  salts,  135 

—  absorption  of  didymium  salts,  113 
Spirit  lamps,  19 

Stannic  hydrate,  163 
Stannic  oxide,  properties,  162 

 salts,  properties,  162 

 salts,  reactions,  163 

 separation    from  stannous  oxide, 

182 

Stannic  sulphide,  properties,  163 
Stannous  chloride,  preparation,  73 

 preservation,  73 

 properties,  160 

 •  tests  of  purity,  73 

 uses  as  reagent,  73 

 on  arsenious  acid,  174 

 on  bismuth  salts,  149 

 on  gold  salts,  158 

 on  iridium  salts,  184 

 on  mercuric  salts,  145 

 on  mercurous  salts,  141 

 on  molybdic  acid,  184 

 on  osmic  acid,  155 

 on  palladium  salts,  153 

■ —  —  on  platinum  salts,  159 

 on  selenious  acid,  188 

 on  sulphurous  acid,  193 

 on  tellurous  acid,  187 

 on  titanic  acid,  115 

 on  tungstates,  186 

Stannous  oxide,  properties,  160 
 reactions,  161 

 separation  from  stannic  oxide,  182 

 salts,  properties,  160 

Stannous  sulphide,  properties,  161 
Starch,  on  bromine,  216 

—  on  iodine,  218,  227 

—  and  potassium  iodide,  on  nitrites,  228 
Starch  bromide,  properties,  216 
Starch  iodide,  properties,  218,  227 
 on  cyanides,  221 

 on  hyposulphites,  194 

 on  sulphites,  193 

Stas's  method  for  the  detection  of  alka- 
loids, &c.,  445 

Strontia  and  baryta,  detection  of  minute 
quantities  in  presence  of  lime,  103 

 properties,  95 

 reactions,  96 

 separation    from    other  alkaline 

earths,  101 
Strontia  chromate,  properties,  96 
Strontia  oxalate,  properties,  96 
Strontia  salts,  properties,  95 
Strontia  sulphate,  properties,  96 


Strontium   chloride    on  hydrofluosilicic 
acid,  196 

Strychnine,  detection,  435,  441,  444,  447,. 
450,  451 

—  properties,  427 

—  reactions,  428 
Strychnine  salts,  properties,  428 
Snbh"matfi,  13 

Sublimation,  13 
Succinates,  properties,  243 

—  reactions,  244 
Succinic  acid,  detection,  246 

 properties,  243 

 reactions,  244 

Sulphates,  decomposition  of  insoluble,  195 

—  properties,  194 

—  reactions,  195 
Sulphides,  properties,  223 

—  reactions,  224 

Sulphites  and  hyposulphites,  detection  in 
presence  of  sulphides,  194 

 properties,  193 

 reactions,  193 

Sulphur,  detection,  225 

—  detection  of  thallium  in,  135 

—  properties,  232 

Sulphuretted  hydrogen,  Brugnatelli's  appa- 
ratus, 47 

'  Mohr's  apparatus,  48 

 Pohl's  apparatus,  49 

 Winkler's  apparatus,  48 

— ■  —  preparation,  45 

 preparation  of  solution,  49 

 preservation  of  solution,  49 

 properties,  223 

 reactions,  224 

 tests  of  purity,  49 

 uses  as  reagent,  49 

—  • —  on  antimonic  acid,  166 

 on  antimony  salts,  165 

 on  arsenic  acid,  177 

 on  arsenious  acid,  169 

 on  bismuth  salts,  149 

 on  cadmium  salts,  150 

 on  chromic  acid,  191 

—  — -on  cobalt  salts,  126 

 on  copper  salts,  146 

 on  ferric  salts,  130 

 on  ferricyanides,  222 

 on  ferrous  salts,  128 

 on  gallium  salts,  137 

 on  gold  salts,  157 

 on  indium  salts,  136 

 on  iodic  acid,  194 

— •  —  on  iridium  salts,  183 

—  —  on  lead  salts,  142 

— •  —  on  manganese  salts,  121 

 on  mercuric  salts,  144 

 on  mercurous  salts,  140 

 on  molybdic  acid,  184 

 on  molybdates,  185 

 on  nickel  salts,  123 

 on  nitrous  acid,  228 

 on  osmic  acid,  155 

 on  palladium  salts,  153 
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Sulphuretted  hydrogen,  on  platinum  salts, 
159 

 on  rhodium  salts,  154 

 ou  ruthenium  salts,  155 

 on  selenious  acid,  188 

 on  silver  yalts,  139 

 on  stannii!  compounds,  1G3 

 on  stannous  salts,  161 

—  —  on  sulphurous  acid,  193 

 on  telluroiis  acid,  187 

 on  thallium  salts,  135 

 on  tungstates,  186 

—  —  on  uranium  salts,  134 

 on  vanadic  acid,  137 

 on  zinc  salts,  119 

Sulphuretted  hydrogen  water,  49 
Sulphuric  acid,  concentrated,  38 
 detection,  195 

 detection  of  free,  196 

 dilute,  39 

 impurities  in,  38,  39 

—  —  properties,  194 

 purification,  38 

 reactions,  195 

 tests  of  purity,  39 

 uses  as  reagent,  39 

 on  barj'ta  salts,  94 

 on  bismuth  salts,  149 

 on  borates,  201 

 on  carbonates,  209 

 ou  chloride  of  lime,  229 

 on  ferricyanides,  223 

 on  ferrocyanides,  222 

—  - —  ou  hyposulphites,  193 

 on  lead  salts,  142 

 on  lime  salts,  97 

 on  magnesia  salts,  100 

 on  nitrites,  228 

 on  salicin,  436 

 on  strontia  salts,  96 

 on  sulphites,  193 

 on  tantalates,  117 

 on  tantalic  acid,  116 

 on  tungstates,  186 

Sulphuric  acid,  concentrated,  on  acetates, 
248 

 on  atropine,  434 

 on  brucine,  431 

 on  chlorates,  233 

 on  cinchonine,  426 

 on  citrates,  239 

 on  Conine,  417 

 on  digitalin,  438 

 on  ferricyanides,  222 

 on  ferrocyanides,  223 

 on  fluorides,  205 

 on  fonnates,  249 

 on  iodides,  219 

 on  malates,  241 

 on  molybdic  acid,  185 

 on  narcotine,  422 

 on  niobic  acid,  117 

 on  oxalates,  203 

 on  perchloric  acid,  235 

 on  picrotoxin,  439 


Sulphuric  acid,  on  quinine,  425 

 on  salicin,  436 

 on  silicofluorides,  196 

 on  strychnine,  428 

 on  tartrates,  237 

 on  veratrine,  433 

 and  silica,  on  fluorides,  205 

Sulphuric  acid  and  binoxide  of  mangan- 
ese, on  strychnine,  429 

Sulphuric  acid  and  dichromate  of  potassa, 
on  atropine,  434 

 on  brucine,  431 

 on  strychnine,  428 

Sulphuric  acid  and  nitric  acid,  on  bru- 
cine, 431 

 on  narcotine,  423 

 on  nicotine,  415 

Sulphuric  acid  and  sugar,  on  morphine, 
420 

 on  veratrine,  433 

Sulphurous  acid,  properties,  192 

 reactions,  193 

 on  arsenates,  177 

 on  chromates,  191 

 on  iridium  oxide,  184 

 on  iodates,  194 

 on  osmic  acid,  155 

 on  perchlorates,  235 

 on  perruthenic  acid,  156 

 on  phosphorous  acid,  208 

 on  selenious  acid,  188 

•  on  vanadic  acid,  137 

 and  indigo,  on  chloric  acid,  233 

rriANNIC  acid,  on  atropine,  434 

 on  brucine,  432 

 on  cinchonine,  420 

—  ■ —  on  conine,  417 

—  —  on  gold  salts,  158 

 on  molybdic  acid,  184 

 on  morphine,  421 

 on  narcotine,  423 

 on  nicotine,  415 

 on  quinine,  425 

 on  strychnine,  430 

  on  tantalic  acid,  117 

 on  titanic  acid,  114 

 on  tungstates,  186 

 on  vanadates,  138 

 on  vanadic  acid,  138 

Tantalic   acid,   detection  in  analytical 

course,  406,  408 
 occurrence,  116 

—  —properties,  116 

 reactions,  116 

Tantalite,  IIG 

Tantalum  chloride,  properties,  116 
Tantalum  and  potassium  fluoride,  proper- 
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EERATA. 

Page  91,  line  2  from  top, /or  "but  the  presence  of  cyanide  of  potassium,''  read  "but 

the  presence  of  free  carbonic  acid,  acid  carbonates,  or  cyanide  of  potassium." 
Page  137,  line  16  from  top, /or  "  barium  carbonate,"  read  "  carbonate  of  baryta." 
Page  362,  line  24  from  bottom, /or  "  arsenic  acid,"  read  "arsenious  acid.'' 
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Assistant  to  Thomas  Anderson,  M.D.,  late  of  the  University  of  Glasgow. 

Fcap  8vo,  5  s, 


0.  Hehner 

ALCOHOL  TABLES,  giving  for  all  Specific  Gravities,  from 
I  -oooo  to  07938  the  Percentages  of  Absolute  Alcohol,  by  Weight  and  by 
Volume,  and  of  Proof  Spirit.  By  Otto  Hehner,  F.C.S.,  Public  Analyst 
for  the  Isle  of  V/ight  and  for  the  Boroughs  of  Derby  and  Ryde. 

Roy.  8vo,  3s.  6d. 
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0,  Hehner  and  A,  Angell 

BUTTER  ;  Its  Analysis  and  Adulterations,  specially  treating  on 
the  Detection  and  Determination  of  Foreign  Fats.  By  Otto  Hehner, 
F.C.S.,  and  ARTHUR  Angell,  F.R.M.S.,  Pubhc  Analyst  for  the  County 
of  Southampton.    Second  Edition.    Entirely  re-written  and  augmented. 

Crown  8vo,  3  s.  6d, 


R.  Wagner  aiid  W.  Crookes 
HANDBOOK  OF  CHEMICAL  TECHNOLOGY.  By 
Rudolf  Wagner,  Ph.D.,  Professor  of  Chemical  Technology  at  the 
University  of  Wurtzburg.  Translated  and  Edited  from  the  Eighth  German 
Edition,  with  Extensive  Additions,  by  William  Crookes,  F.R.S.  With 
336  Engravings  ^^°>  -5^* 

*  *  The  design  of  this  work  is  to  show  the  application  of  the  science  of  chemistry  vo 
the  various  manufactures  and  industries.  The  subjects  are  treated  of  in  eight  divisions, 
as  follows  :— I.  Chemical  Metallurgy,  Alloys,  and  Preparations  made  and  obtained  from 
Metals.  2.  Crude  Materials  and  Products  of  Chemical  Industry.  3-  t^'fiss,  Ceramic 
Ware,  Gypsum,  Lime,  Mortar.  4-  Vegetable  Fibres.  5-  Animal  Substances.  6.  Dye- 
ing  and  Calico  Printing.    7.  Artificial  Light.    8.  Fuel  and  Heatmg  Apparatus. 
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F.  Sutton 

A  SYSTEMATIC  HANDBOOK  OF  VOLUMETRIC  ANA- 
LYSIS ;  or,  the  Quantitative  Estimation  of  Chemical  Substances  by- 
Measure,  applied  to  Liquids,  Solids,  and  Gases.  Adapted  to  the  require- 
ments of  Pure  Chemical  Research,  Pathological  Chemistry,  Pharmacy, 
Metallurgy,  Manufacturing  Chemistry,  Photography,  &c.,  and  for  the 
Valuation  of  Substances  used  in  Commerce,  Agriculture,  and  the  Arts.  By 
Francis  Sutton,  F.C.S.,  F.I.C.,  Public  Analyst  for  the  County  of 
Norfolk.    Fifth  Edition,  with  90  Engravings  .  .        8vo,  l6s. 
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CHURCHILL'S   TECHNOLOGICAL  HANDBOOKS. 
Edited  by  John  Gardner,  F.I.C.,  F.C.S.,  and  James  Cameron,  F.I.C., 

Analyst  in  the  Laboratory  of  Somerset  House. 


THE  BREWER,  DISTILLER,  AND  WINE  MANUFAC- 
TURER :  Giving  directions  for  the  Manufacture  of  Beers,  Spirits,  Wines, 
Liqueurs,  &c.    With  Engravings.  .  .       Crown  8vo,  6s.  6d, 

BLEACHING,  DYEING,  AND  CALICO  PRINTING.  With 
Formulae.    With  Engravings.    .  .  .  Crown  8vo,  5s. 

ACETIC  ACID,  AND  VINEGAR,  AMMONIA,  AND  ALUM. 

With  28  Engravings.  .  .  .  .  Crown  8vo,  5  s. 

OILS,    RESINS,   AND   VARNISHES.     With  Engravings. 

Crown  8vo,  7s.  6d. 


J.  F.  Royle  and  J.  Harley 
ROYLE'S    MANUAL    OF    MATERIA    MEDICA  AND 

THERAPEUTICS.  Sixth  Edition,  With  Supplement  of  Additions  and 
Alterations  contained  in  the  B.P.  1885.  By  JOHN  Harley,  M.D.,  F.R.C.P. 
With  139  Engravings.  .  .  .  Crown  8vo,  15s, 


' '  This  Manual  is,  to  our  minds,  unrivalled 
in  any  language  for  condensation,  accuracy, 


and  completeness  of  information. 
Medical  Journal. 


British 


SiilU  and  Maisch 

THE  NATIONAL  DISPENSATORY;  containing  the  Natural 
History,  Chemistry,  Pharmacy,  Actions  and  Uses  of  Medicines,  including 
those  recognised  in  the  Pharmacopoeias  of  the  United  States,  Great 
Britain  and  Germany,  with  numerous  references  to  the  French  Codex.  By 
Alfred  Stille,  M.D.,  LL.D.,  Professor  of  Medicine  in  the  University 
of  Pennsylvania;  and  JOHN  M.  Maisch,  Phar. D.,  Professor  of  Materia 
Medica  and  Botany  in  the  Philadelphia  College  of  Pharmacy.  Fourth 
Edition,  with  31 1  Engravings,    1,781pp.        .       .       .       .       8vo,  36s. 
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C.  D.  F.  Phillips 

MATERIA  MEDICAAND  THERAPEUTICS:  By  Charles 
D.  F.  Phillips,  M.D.,  F.R.S.  Edin.  Vegetable  Kingdom— Organic 
Compounds — Animal  Kingdom  8vo,  25s. 

C  Bins 

THE  ELEMENTS  OF  THERAPEUTICS.  A  Clinical  Guide 
to  the  Action  of  Drugs.  By  C.  BiNZ,  M.D.,  Professor  of  Pharmacology  in 
the  University  of  Bonn.  Translated  and  Edited  with  Additions,  in 
Conformity  with  the  British  and  American  Pharmacopoeias,  by  Edward 
I.  Sparks,  F.R.C.P.,  M.A.,  M.B.  Oxon.,  formerly  RadcHffe  TraveUing 
Fellow       .....         Crown  8vo,  8s.  6d. 

y.,  C.  Thorowgood 

THE  STUDENT'S  GUIDE  TO  MATERIA  MEDICA  AND 

THERAPEUTICS,  in  accordance  with  the  British  Pharmacopoeia.  By 
John  C.  Thorowgood,  M.D.  Lond.,  F.R.C.P.,  Lecturer  on  Materia  Medica 
at  the  Middlesex  Hospital.  Second  Edition,  with  Engravings.  Fcap.  8vo,  7s. 
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W.  Southall 

THE  ORGANIC  MATERIA  MEDICA  OF  THE  BRITISH 

PHARMACOPCEIA,  systematically  arranged  ;  with  Brief  Notices  of  the 
Remedies  contained  in  the  Indian  and  U.S.  Pharmacopoeias,  and  Short 
Descriptions  of  their  Chief  Adulterants  and  Substitutions.  By  W. 
Southall,  F.L.S.    Fourth  Edition      ....       Crown  8vo,  5s, 

F.  H.  Lescher 

RECENT  MATERIA  MEDICA.  Notes  on  their  Origin  and 
Therapeutics.  By  F.  Harwood  Lescher,  F.C.S.,  Pereira  MedaUist, 
Second  Edition    ...  .         8vo,  2s.  6d. 

A.  Wahltuch 

A  DICTIONARY  OF  MATERIA  MEDICA  AND  THERA- 
PEUTICS.  By  Adolphe  Wahltuch,  M.D.      .      .      8vo,  ios.6d. 

*^*  The  purpose  of  this  work  is  to  give  a  tabular  arrangement  of  all  drugs  specified  in 
the  British  Pharmacopoeia  of  1867.  Every  table  is  divided  into  six  parts  : — (i)  TAe 
Name  and  Synonyms  ;  (2)  Character  and  Properties  or  Composition  ;  (3)  Physiological 
Effects  and  Therapeutics ;  (4)  Form  and  Doses;  (5)  Preparations ;  (6)  Prescriptions. 
Other  matter  elucidatory  of  the  Pharmacopoeia  is  added  to  the  work. 

7.  Baily 

A  PHYSICIAN'S  PHARMACOPCEIA.    (Contraction  Ph.  Ph.) 

Containing  Prescriptions  for  the  Novel  Method  of  Preparing  Lozenges, 
including  Nitro-Glycerine,  Cocaine,  &c.,  and  other  active  remedies  in  exact 
doses.    By  J.  Baily,  Pharmacist,  Margate. 

Royal  24mo,  leather  binding,  3s.  6d. 
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N.  Tirard 

THE  PRESCRIBER'S  PHARMACOPCEIA  :   containing  all 

the  Medicines  in  the  British  Pharmacopceia  arranged  in  Classes  according 
to  their  Action,  with  their  Composition  and  Doses.  Sixth  Edition.  By 
Nestor  Tirard,  M.D.,  M.R.C.P.,  Professor  of  Materia  Medicaand  Thera- 
peutics in  King's  College,  London.  Fcap.  32mo,  bound  in  leather,  3s. 


/.  Owen 

MATERIA  MEDICA  ;  a  Manual  for  the  Use  of  Students.  By 
ISAMBARD  Owen,  M.D.,  F.R.C.P.,  Lecturer  on  Materia  Medica  and 
Therapeutics  at  St.  George's  Hospital.  Second  Edition.  Crown  8vo,  6s.  6d. 


S.  Proctor 

LECTURES    ON    PRACTICAL  PHARMACY. 

By  Barnard  S.  Proctor,  formerly  Lecturer  on  Pharmacy  at  the  College 
of  Medicine,  Newcastle-on-Tyne.  Second  Edition.  With  44  Wood 
Engravings  and  32  Lithograph  Fac-Simile  Prescriptions       .       8vo,  14s. 
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J.  Pereira 

SELECTA  PRESCRIPTIS.  Selections  from  Physicians' 
Prescriptions.  Containing  Lists  of  Terms,  Phrases,  Contractions,  Abbrevia- 
tions, Grammatical  Construction,  Rules  for  Pronunciation,  Vocabulary,  &c. 
With  a  Series  of  Abbreviated  Prescriptions  and  Key  to  the  same,  with 
Translations.  For  the  Use  of  Students.  By  Jonathan  Pereira,  M.D., 
F.R.S.    Seventeenth  Edition.     .  .  .  .      24mo,  5s. 
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P.  Squire 

COMPANION  TO  THE  BRITISH  PHARMACOPCEIA 
(latest  Edition),  comparing  the  strength  of  its  various  preparations  with 
those  of  the  United  States,  and  other  Foreign  Pharmacopoeias,  to  which 
are  added  Non-official  Preparations,  and  Practical  Hints  on  Prescribing ; 
also  a  Tabular  Arrangement  of  Materia  Medica  for  Students,  an  Appendix 
containing  Articles  employed  in  Chemical  Testing,  and  Analyses  of  the 
Principal  Spas  of  Europe.  By  Peter  Squire,  F.L.S.  Edited  by  his  Sons 
P.  W.  Squire,  F.L.S.,  F.C.S.,  and  A.  H.  Squire.    Fourteenth  Edition. 

8vo,  ICS.  6d. 

By  the  same  Author 

PHARMACOPCEIAS  OF  THE  LONDON  HOSPITALS- 
Fifth  Edition  Fcap  Svo,  6s. 

Mr.  Squire  has  collected  all  the  Formulas  used  in  twenty-five  of  the  principal 
Hospitals  of  London,  and  arranged  them  in  groups  for  comparison.  These  Formula; 
were  revised  and  approved  by  the  medical  staff  of  each  of  the  Hospitals,  and  may 
therefore  be  taken  as  an  excellent  guide  to  the  medical  practitioner,  both  as  to  dose  and 
best  menstruum  in  prescribing.    The  Diet  Tables  of  the  Hospitals  are  also  included. 

Prosser  James. 

GUIDE  TO  THE  NEW  B.P.  Epitome  of  Changes,  and  Account 
of  all  the  New  Preparations.  Their  Characters,  Actions,  Uses,  &c.  With 
Full  Therapeutical  Commentary.  By  Prosser  James,  M.D.,  Lecturer  on 
Materia  Medica  and  Therapeutics  at  the  London  Hospitul.  Second 
Edition         .         .  ...        Crown  Svo,  2s.  6d. 
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J.  Steggall 

FIRST    LINES    FOR    CHEMISTS    AND  DRUGGISTS 

preparing  for  Examination  at  the  Pharmaceutical  Society.  By  John 
Steggall,  M.D.    Third  Edition  i8mo,  3s.  6d, 
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J.  B.  Smith 

PHARMACEUTICAL  GUIDE  TO  THE  FIRST  AND 
SECOND  EXAMINATIONS.  By  John  Barker  Smith.  Second 
Edition      .       .       .   •  Crown  8vo,  6s.  6d. 

Latin  Grammar— Fractions  —  Metric  System  —  Materia  Medica  —  Botany 
— Pha  rm  acy—  Chemistry — Prescriptions. 
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A.  S.  Taylor 

POISONS  IN  P.ELATION  TO  MEDICAL  JURIS- 
PRUDENCE AND  MEDICINE.  By  Alfred  S.  Taylor,  M.D.,  F.R.S., 
late  Professor  of  Medical  Jurisprudence  to  Guy's  Hospital.  Third  Edition, 
with  104  Engravings  Crown  8vo,  i6s. 


W.  Stoive 

A  TOXICOLOGICAL  CHART,  Exhibiting  at  one  view  the 
Symptoms,  Treatment,  and  Mode  of  Detecting  the  Various  Poisons, 
Mineral,  Vegetable,  and  Animal.  To  which  are  added  concise  Directions 
for  the  Treatment  of  Suspended  Animation.  By  William  Stowe, 
M.R.C.S.E.    Thirteenth  Edition .      .      .      .       Sheet,  2s. ;  Roller,  5s. 


H.  Beasley 

THE     POCKET     FORMULARY   AND  SYNOPSIS 

OF  THE  BRITISH  AND  FOREIGN  PHARMACOPCEIAS  :  contain- 
ing all  the  FormulEe  of  the  B.P.  of  1885,  and  comprising  Standard, 
approved,  and  most  recent  Formulas  for  the  Preparations  and  Compounds 
emDloved  in  Medical  Practice.    By  Henry  Beasley.    Eleventh  Edition. 
^  i8mo,  6s.  6d. 

By  the  same  Author 
THE  DRUGGIST'S  GENERAL  RECEIPT-BOOK: 
Comprising  a  Copious  Veterinary  Formulary  ;  Numerous  Recipes  in 
Patent  and  Proprietary  Medicines,  Druggists'  Nostrums,  &c. ;  Perfumery, 
and  Cosmetics ;  Beverages,  Dietetic  Articles  and  Condiments ;  Photo- 
graphic Chemicals  and  Formulas  ;  Trade  Chemicals  ;  Scientific  Processes  ; 
and  dn  Appendix  of  Useful  Tables.    Ninth  Edition        .       i8mo,  6s.  6d. 

Also 

THE  BOOK  OF  PRESCRIPTIONS  :  Containing  upwards  of 
^000  Prescriptions  collected  from  the  Practice  of  the  most  eminent 
Physicians  and  Surgeons.  English  and  Foreign.  Comprising  also  a  Com- 
pendious History  of  the  Materia  Medica,  Lists  of  the  Doses  of  a^l  Official 
or  Established  Preparations,  and  an  Index  of  Diseases  and  Remedies. 

Sixth  Edition.  •     ,  ^Smo,  6s.  6d. 

"Mr    Beaslev's   '  Pocket  Formulary, '     reference  admirably  suited  for  the  dispens- 

Druggist's  Receipt-Book,'  and  'Book  of     vcvg^^^Vy -Chemist  and  Druggist. 

Prescriptions'  form  a  compact  hbrary  of 
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THE  PHARMACEUTICAL  JOURNAL  AND  TRANSAC- 
TIONS.   Published  weekly.  Price  4d.  Annual  subscription,  post  free,  20s. 
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THE  YEAR-BOOK  OF  PHARMACY:  Containing  the 
Proceedings  at  the  Yearly  Meeting  of  the  British  Pharmaceutical  Con- 
ference, and  a  Report  on  the  Progress  of  Pharmacy,  which  includes  notices 
of  all  Pharmaceutical  Papers,  new  Processes,  Preparations,  and  Formula 
published  throughout  the  world.    Published  annually  in  December. 

8vo,  1873  to  1886 — los.  each  yearly  volume. 
General  Index  to  the  Volumes  for  1864  to  1885  inclusive   .      .      3s.  6d. 
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G.  C.  Wittstein 

PRACTICAL     PHARMACEUTICAL    CHEMISTRY:  An 

Explanation  of  Chemical  and  Pharmaceutical  Processes  ;  with  the  Methods 
of  Testing  the  Purity  of  the  Preparations,  deduced  from  Original  Experi- 
ments. By  Dr.  G.  C.  WiTTSTEiN.  Translated  from  the  Second  German 
Edition  by  Stephen  Darby  jgj^^ 

"It  would  be  impossible  too  strongly  to  recommend  this  work  to  the  beginner  for  the 
completeness  of  its  explanations,  by  following  which  he  will  become  well  grounded 
m  practical  chemistry."— ^>'^7ot  the  Introduction  by  Dr.  Biichner. 

R.  V.  Tusoii 

A  PHARMACOPCEIA,  INCLUDING  THE  OUTLINES  OF 
MATERIA  MEDICA  AND  THERAPEUTICS,  for  the  Use  of  Prac 
titioners  and  Students  of  Veterinary  Medicine.    By  Richard  V  TusoN 
F.I.C.,  Professor   of  Chemistry,   Materia  Medica   and  Toxicology  at 
the  Royal  Veterinary  College.    Fourth  Edition       .      .  Post  Svo 


"Not  only  practitioners  and  students  of 
veterinary  medicine,  but  chemists  and 
druggists  will  find  that  this  book  supplies  a 


Post  Svo,  7s.  6d. 

want  in  veterinary  literature."— OJmzj^ 
and  Druggist. 


G.  Armatage 

THE  VETERINARIAN'S   POCKET  REMEMBRANCER 

being  Concise  Directions  for  the  Treatment  of  Urgent  or  Rare  Cases 
embracing  Semeiology  Diagnosis,  Prognosis,  Surgery,  Therapeutics 
Toxicology,  Detection  of  Poisons  by  their  Appropriate  Tests,  Hymene  &c 
By  George  Armatage,  M.R.C.V.S.    Second  Edition.    .    Poit  8vo  3s 


W.  Williams 

THE  PRINCIPLES  AND  PRACTICE  OF  VETERINARY 
MEDICINE,   By  William  Williams,  F.R.C. VS.,  F.R,S.E.  Princioal 
and  Professor  of  Veterinary  Medicine  and  Surgery  at  the  New  Veterinarv 
Woodcut?  Edition,  with  several  Coloured  Plates  and 

•  •  •  •        Svo.  30s. 

By  the  same  AtdJmr 
THE  PRINCIPLES  AND  PRACTICE  OF  VETERINARY 
SURGERY.    Fifth  Edition.    With  Plates  and  139  Woodcuts: 

Svo,  30s. 
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Ji.  Bentley  and  H.  Trimen 

MEDICINAL  PLANTS:  being  Descriptions  with  Original 
Figures  of  the  Principal  Plants  employed  in  Medicine,  and  an  Account 
of  their  Properties  and  Uses.  By  Robert  Bentley,  F.L.S.,  Professor 
of  Botany  in  King's  College,  and  to  the  Pharmaceutical  Society  ;  and 
Henry  Trimen,  M.B.,  F.L.S.,  Lecturer  on  Botany  in  St.  Mary's 
Hospital  Medical  School.  In  4  Vols.,  large  8vo,  with  306  Coloured  Plates, 
bound  in  half  morocco,  gilt  edges,  ;^ii  11  s. 

R.  Bentley 

A  MANUAL  OF  BOTANY:  Including  the  Structure,  Classi- 
fication, Properties,  Uses  and  Functions  of  Plants.  By  Robert  Bentley, 
F.L.S.,  Professor  of  Botany  in  King's  College,  and  to  the  Pharmaceutical 
Society.    Fifth  Edition,  with  1,178  Engravings        .         Crown  8vo,  15s. 

"As  the  standard  manual  of  botany  its  position  is  undisputed." — Chemist  and 
Druggist. 

By  the  same  Author 

THE  STUDENT'S  GUIDE  TO  STRUCTURAL,  MOR- 
PHOLOGICAL, AND  PHYSIOLOGICAL  BOTANY.  With  660 
Engravings  ....  Fcap.  8vo,  7s.  6d 

Also 

THE  STUDENT'S  GUIDE  TO  SYSTEMATIC  BOTANY, 

including  the  Classification  of  Plants  and  Descriptive  Botany.  With 
357  Engravings         ....         Fcap.  8vo,  3s.  6d. 
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W.  B.  Carpenter 

THE  MICROSCOPE  AND  ITS  REVELATIONS.  By 
W.  B.  Carpenter,  C.B.,  M.D.,  F.R.S.  Sixth  Edition,  with  26  Plates, 
502  Wood  Engravings,  and  a  Coloured  Frontispiece    .     Crown  Svo.,  i6s. 

*^*  The  author  has  aimed  to  combine  within  a  moderate  compass  that  information  in 
regard  to  the  use  of  his  instrument  and  its  appliances,  which  is  most  essential  to  the 
working  microscopist,  with  such  an  account  of  the  objects  best  fitted  for  his  study  as  may 
quaUfy  him  to  comprehend  what  he  observes,  and  thus  prepare  him  to  benefit  science, 
whilst  expanding  and  refreshing  his  own  mind. 

THE  QUARTERLY  JOURNAL  OF  MICROSCOPICAL 
SCIENCE.  (Estabhshed  in  1852.)  Edited  by  E.  Ray  Lankester,  M.A., 
LL.D.,  F.R.S.,  Professor  of  Zoology  in  University  College,  London  ;  with 
the  co-operation  of  W.  T.  Thiselton  Dyer,  M.A.,  C.M.G.,  FRS 
E.  Klein,  M.D.,  F.R.S.,  H.  N.  Moseley,  M.A,  LL  D.,  F.R.S.,'  and 
Adam  Sedgwick,  M.A,  F.R.S.  .         .  Each  Number,  los. 

**  Most  of  the  Memoirs  are  illustrated  by  Woodcuts  and  Lithogi-aphic  Plates,  many 
being  Coloured.  The  Journal  contains,  in  addition,  Notes  and  Memoranda,  Reviews  of 
Books,  Quarterly  Chronicle,  and  Proceedings  of  Societies. 
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S.  Marsh 

SECTION  CUTTING  :  a  Practical  Guide  to  the  Preparation 
and  Mounting  of  Sections  for  the  Microscope,  special  prominence  being 
given  to  the  subject  of  Animal  Sections.  By  Dr.  Sylvester  Marsh. 
Second  Edition,  with  17  Engravings  ....       Fcap.  8vo,  3s.  6d. 


■    J.  H.  Martin 

A  MANUAL  OF  MICROSCOPIC  MOUNTING;  with  Notes 
on  the  Collection  and  Examination  of  Objects.  By  JOHN  H.  Martin, 
Member  of  the  Society  of  Public  Analysts,  author  of  "  Microscopic  Objects."" 
Second  Edition.    With  150  Engravings      ....       8vo,  7s.  6d. 


A.  B.  Lee 

THE  MICROTOMIST'S  VADE-MECUM :  a  Handbook  of  the 

Methods  of  Microscopic  Anatomy,  comprising  upwards  of  600  Formulse 
and  Methods  collected  from  the  practice  of  the  best  workers.  By  Arthur 
BOLLES  Lee  .  ;  .  .         Crown  8vo,  8s.  6d. 


J.  Fayrer 

THE  THANATOPHIDIA  OF  INDIA;  being  a  Description 
of  the  Venomous  Snakes  of  the  Indian  Peninsula.  With  an  Account  of 
the  Influence  of  their  Poison  on  Life,  and  a  Series  of  Experiments  By 
Sir  J.  Fayrer,  K.C.S.I.,  LL  D.,  M.D.,  F.R.S.,  Physician  to  the  Secretary 
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